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mIMPROVEMENT OF LOW-COST HOUSING IN THE COOK ISLANDS 
TO WITHSTAND TROPICAL STORMS
I .  INTRODUCTION
BACKGROUND
In e a r l y  1981 ,  the  Cook I s l a n d s  M in is try  of  Fore ign  A f f a i r s  r e ­
q u e s t e d  f u n d i n g  from the United S t a t e s  Government for  the c o n s t r u c ­
t i o n  o f  a s h e l t e r  on P a l m e r s t o n  I s l a n d  which would p r o t e c t  i t s  
e i g h t y - s i x  i n h a b i t a n t s  from t r o p i c a l  storms and storm s u r g e s .  The 
U . S .  Government i n d i c a t e d  that  there  were no funds a v a i l a b l e  for  such 
a s h e l t e r  but o f f e r e d  t e c h n i c a l  a s s i s t a n c e  s p e c i f i c a l l y  to  a s s e s s  the  
p r o p o s e d  P a l m e r s t o n  s h e l t e r  d e s ig n  and prov ide recommendations for  
i m p r o v e m e n t s ,  and a t  t h e  same t i m e  t o  c o n d u c t  a survey of  the 
v u l n e r a b i l i t y  of  houses  in  the Cook I s la n d s  to the f o r c e s  of  t r o p i c a l  
s t o r m s .
In  O c t o b e r  1 9 8 1 ,  INTERTECT was r e t a i n e d  by the O f f i c e  of  U.S.  
F o r e i g n  D i s a s t e r  A s s i s t a n c e  of  the Agency for  I n t e r n a t i o n a l  Deve lop­
m ent  ( A I D )  to  a s s i s t  the South P a c i f i c  Economic Commission (SPEC) by 
c o n d u c t i n g  a survey  of  the v u l n e r a b i l i t y  of  non-engineered  housing  in  
t h e  Cook I s la n d s  (as  w e l l  as F i j i ,  Tonga and Tuvalu)  to the f o r c e s  of  
h u r r ica n es  and ear thquakes .  The o b j e c t i v e s  of  t h i s  study  were:
A. To s u r v e y  t h e  t r a d i t i o n a l  hous ing  of  the Cook I s la n d s  and 
t h e  c o n s t r u c t i o n  t e c h n iq u e s /m e t h o d o lo g ie s  used in order to:
1. C l a s s i f y  the v a r io u s  b u i l d i n g  t y p e s ,  and
2.  A n a l y z e  t h e  r e l a t i v e  v u l n e r a b i l i t y  of  each type of  
b u i l d i n g  to t r o p i c a l  storms.
B. To d e t e r m i n e  d e s ig n  changes,  improvements in  the c o n s t r u c ­
t i o n  p r o c e s s ,  and improvements in  the use of  l o c a l  b u i l d i n g  
m a t e r i a l s  t h a t  c a n  make hous ing  more wind r e s i s t a n t ,  yet  
r e m a i n  a f f o r d a b l e  t o  t h e  m a jo r i ty  of  people  r e s i d i n g  in  
t h e s e  b u i l d i n g s .
C. To make r e c o m m e n d a t i o n s  for  d i s s e m i n a t i o n  of  in form ation  
a b o u t  s a f e r  c o n s t r u c t i o n  m e t h o d s  to  p r o t e c t  b u i l d i n g s ,  
i n c l u d i n g :
1. S h o r t - n o t i c e  or emergency a c t i o n s  that  can be taken to 
p r o t e c t  e x i s t i n g  b u i l d i n g s  ( i n c l u d i n g  i n s t r u c t i o n s  
t h a t  c a n  be  d i s s e m i n a t e d  when a t r o p i c a l  s t o r m  
t h r e a t e n s ,  d e s c r i b i n g  methods fo r  improving s a f e t y  and 
t e c h n i q u e s  f o r  r e d u c i n g  da m a g e  and s tr e n g t h e n in g  
b u i l d i n g s  to b e t t e r  wi ths tand  t r o p i c a l  storm f o r c e s ) ;
2
2 .  S e l f - h e l p  a c t i o n s  for p r o g r e s s i v e l y  upgrading e x i s t i n g  
b u i l d i n g s  t h r o u g h  m o d i f i c a t i o n s  or  r e t r o f i t t i n g  
m easures ; and
3.  R e c o m m e n d a t i o n s  on how t o  i n f l u e n c e  the d e s ig n  and 
c o n s t r u c t i o n  of  new h o u s e s .
D. To d e v e l o p  i n f o r m a t i o n  on lo w - c o s t  c o n s t r u c t i o n  and the  
v u l n e r a b i l i t y  o f  v e r n a c u l a r  housing  which can a s s i s t  the  
Cook I s l a n d s  G o v e r n m e n t  i n  p r e p a r i n g  t h e i r  input i n t o  
n a t i o n a l  h o u s i n g  p o l i c y  a i m e d  toward the p r o t e c t i o n  of  
b u i l d i n g s  and s e t t l e m e n t s .
KEY ISSUES
Housing T r a n s i t i o n
The Cook  I s l a n d s  have ex p er ienced  a s i g n i f i c a n t  t r a n s i t i o n  from 
n o n - e n g i n e e r e d  t r a d i  t i o n a  1 - s t  y l e  houses  ( c a l l e d  h a r e s )  made from 
c o c o n u t  o r  p a n d a n u s  t r e e s  towards w e s t e r n - s t y l e  or "modern" houses  
made f r o m  s a w e d  lumber, c o n c r e t e  and corrugated  i r o n .  Using survey  
d a t a  o f  m a t e r i a l s  u s e d  in house c o n s t r u c t i o n  from the 1976 c e n s u s ,  
D r .  D.  J .  Cook shows that  only  8.1% of  households of  a l l  the i s l a n d s  
s t i l l  used t r a d i t i o n a l  m a t e r i a l s  for  r o o f i n g .  P ercen tages  by i s l a n d s  
r a n g e d  from an almost  n o n e x i s t e n t  0.2% in  Rarotonga (wi th  over 50% of  
t h e  Cook I s l a n d s  p o p u l a t i o n )  to 44j0% in  Rakahanga (wi th l e s s  than 
0.02% of the Cook I s la n d s  p o p u l a t i o n ) .
T h i s  c h a n g e o v e r  in b u i l d i n g  s t y l e s  has s e v e r a l  i m p l i c a t i o n s  for  
v u l n e r a b i l i t y  r e d u c t io n  e f f o r t s .  Many of  th e s e  b u i l d i n g s  f o l l o w  the  
f o r m  and  s t y l e  of  modern h o u s e s ,  ye t  they are not b u i l t  to  the same 
d i s a s t e r  r e s i s t a n t  standard .  I f  t h e s e  b u i l d i n g s  f a i l  in  high  winds ,  
t h e y  a r e  more l i k e l y  to  i n j u r e  t h e i r  occupants  because  the m a t e r i a l s  
u s e d  in t h e i r  c o n s t r u c t i o n  are h e a v i e r  ( e . g . ,  b lock  or s to n e  v s .  wood 
and t h a t c h ) .
B e c a u s e  t h e  changeover i s  g r a d u a l ,  th e r e  i s  only l i m i t e d  oppor­
t u n i t y  t o  a f f e c t  t h e  d e s i g n  and c o n s t r u c t i o n  of  new b u i l d i n g s  to  
e n s u r e  t h a t  t h e y  a r e  b u i l t  s a f e l y .  I t  means as w e l l  th a t  la r g e  
n u m b e r s  o f  people  w i l l  be r e l u c t a n t  to  modify t h e i r  b u i l d i n g s  beyond 
t a k i n g  b a s i c  measures for  p ersona l  s a f e t y ,  because they w i l l  f in d  i t  
d i f f i c u l t  to  j u s t i f y  the added c o s t s  of  upgrading a house they in tend  
to r e p l a c e  wi th  a more modern s t r u c t u r e .
D r .  D . J .
C e n t r e  f o r  
1980.
C o o k .  R e s o u r c e s  f o r  B u i l d i n g  i n  t h e  South P a c i f i c , 
A p p r o p r i a t e  T e c h n o l o g y  and Development,  F i j i ,  October
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D is t a n c e s
One o f  t h e  m a j o r  c o n s t r a i n t s  to both economic development and 
d i s a s t e r  m i t i g a t i o n  e f f o r t s  i s  the s c a r c i t y  of t r a n s p o r t a t i o n  both to 
t h e  Cook I s l a n d s  f r o m  o t h e r  c o u n t r i e s  and even more s i g n i f i c a n t l y  
b e t w e e n  t h e  f i f t e e n  i s l a n d s  that  form the Cook I s la n d s  group.  The 
r e m o t e n e s s  o f  many o f  the i s l a n d s  pr events  perso nne l  from the Cook 
I s l a n d s  G o v e r n m e n t  or  other non-governmental  groups from prov id ing  
c o n s i s t e n t  t e c h n i c a l  a s s i s t a n c e  or t r a i n i n g .  Indeed i t  should  be 
n o t e d  that  i t  was not  p o s s i b l e  for  the authors of  t h i s  study  to v i s i t  
t w e l v e  of the f i f t e e n  i s l a n d s .  This d i s t a n c e  and the d i f f i c u l t i e s  of  
t r a n s p o r t a t i o n  t o  t h e  o u t e r  i s l a n d s  a l s o  l i m i t  the government's  
a b i l i t y  t o  e n fo r c e  the New Zealand b u i l d i n g  codes which,  at  l e a s t  in  
t h e o r y ,  are used throughout the cou n tr y .  T r a n sp o r ta t io n  d i f f i c u l t i e s  
a l s o  c o n t r i b u t e  t o  t h e  l a c k  o f  m a t e r i a l  r e s o u r c e s  a v a i l a b l e  or 
g r e a t l y  in c r e a s e  m a te r ia l  c o s t s .
Governmental Capacity
T h e r e  i s  c u r r e n t l y  v e r y  l i t t l e  government i n f r a s t r u c t u r e  for  
r e s p o n d i n g  to a d i s a s t e r ,  for ca rry in g  out a r e c o n s t r u c t i o n  program,  
or  f o r  i m p l e m e n t i n g  a p r o g r a m  to reduce the v u l n e r a b i l i t y  of the  
e x i s t i n g  h o u s i n g  s t o c k .  T h is  may improve wi th development of  the  
c o m p r e h e n s i v e  d i s a s t e r  management plan c u r r e n t l y  being prepared with  
t h e  a s s i s t a n c e  of the East-West  C en ter .  I t  appears l i k e l y  that  the  
P u b l i c  Works Department w i l l  play a key r o l e  in programs d e a l in g  with  
h o u s i n g .
P o l i c y  I s s u e s
Cook I s l a n d e r s  are New Zealand c i t i z e n s  with u n r e s t r i c t e d  r i g h t s  
o f  e n t r y  i n t o  New Zealand.  Under the 1965 Cook I s la n d s  c o n s t i t u t i o n ,  
t h e  Cook  I s l a n d s  undertook f u l l  r e s p o n s i b i l i t y  for  e x t e r n a l  a f f a i r s  
and d e f e n s e .  C u r r e n t l y ,  m o s t  o f  t h e  a i d  t o  t h e  Cook I s l a n d s ,  
i n c l u d i n g  d i s a s t e r  a s s i s t a n c e ,  comes from New Zealand,  and c l e a r l y  
t h e  Cook I s l a n d s  look to New Zealand for models in  d i s a s t e r - r e l a t e d  
m a t t e r s .  Thus,  proposed a c t i o n s  for  v u l n e r a b i l i t y  r e d u c t io n  e f f o r t s  
s h o u l d  c o n f o r m  t o  s ta n d a r d s  and p r a c t i c e s  fo l lo w ed  in New Zealand.  
T h i s  i s  a s i g n i f i c a n t  f a c t o r  in  the implementation of  recommendations  
made in  t h i s  s tu d y .
DEFINITION OF TERMS
The f o l l o w i n g  a r e  b r i e f  d e f i n i t i o n s  of  the terras used in t h i s  r e p o r t .
A. D e s i g n  C h a n g e s : t h e  process  of  a l t e r i n g  the d e s i g n  of a
s t r u c t u r e  b e f o r e  i t  i s  e r e c t e d  to make i t  more d i s a s t e r  
r e s i s t a n t .
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B. D i s a s t e r  R e s i s t a n t  C o n s t r u c t i o n : a term used to denote  
t h e  d e g r e e  to which a s t r u c t u r e  can be made more r e s i s t a n t  
t o  ( o r  s a f e  f r o m )  c e r t a i n  n a t u r a l  phenomena. The term 
r e c o g n i z e s  that  no b u i l d i n g  can be con s id ered  t o t a l l y  s a f e ,  
b u t  t h a t  c e r t a i n  s t e p s  can be taken to improve performance  
or s u r v i v a b i l i t y .
C. H o u s i n g  E d u c a t i o n ; i n s t r u c t i o n  for homeowners or b u i l d ­
e r s  on how t o  b u i l d  a s a f e r  or  more d i s a s t e r  r e s i s t a n t  
h o u s e .
D. H o u s i n g  M o d i f i c a t i o n : changes in  the c o n f i g u r a t i o n  of  an
e x i s t i n g  b u i l d i n g  to make i t  s t r o n g e r .  M o d i f i c a t i o n s  might  
in c lu d e  changing the p i t c h  of  the r o o f ,  adding a room, e t c .
E. N o n - E n g i n e e r e d  B u i l d i n g s : those  s t r u c t u r e s  b u i l t  e i t h e r
by h o m e o w n e r s  or  by l o c a l  b u i l d i n g  t r a d e s m e n  such as 
c a r p e n t e r s  and m a s o n s  w i t h o u t  f o r m a l  a r c h i t e c t u r a l  or 
e n g in e e r in g  inputs  i n t o  the d e s ig n  or c o n s t r u c t i o n  p r o c e s s .
F. P r o g r e s s i v e  U p g r a d i n g : s y s te m a t i c  improvements to  e x i s ­
t i n g  b u i l d i n g s  to in c r e a s e  d i s a s t e r  r e s i s t a n c e .  Measures 
may in c lu d e  m o d i f i c a t i o n s  and/or r e t r o f i t t i n g .
G. R e t r o f i t t i n g : t h e  p r o c e s s  o f  i n s t a l l i n g  a d d i t i o n a l
s u p p o r t s  or  a l t e r i n g  components of  an e x i s t i n g  b u i l d i n g  in  
order to make i t  more d i s a s t e r  r e s i s t a n t .
H. R i s k : t h e  r e l a t i v e  d e g r e e  of  p r o b a b i l i t y  that  a h azar­
d o u s  e v e n t  w i l l  oc c u r .  The Cook I s la n d s  are l o c a t e d  in a 
z o n e  o f  m o d e r a t e  r i s k  to  t r o p i c a l  storms and low r i s k  to 
e a r t h q u a k e s .
I .  T r a d i t i o n a l  H o u s i n g : i n d i g e n o u s  m o d e s  and s t y l e s  of
h o u s i n g  u s i n g  l o c a l  t r a d i t i o n s ,  s k i l l s  and t e c h n iq u e s .  
T r a d i t i o n a l  housing  can be i d e n t i f i e d  by a p a r t i c u l a r  s t y l e  
or  d e s i g n  o f  c o n s t r u c t i o n ,  by popular f e a t u r e s ,  and/or by 
the b u i l d i n g  methods used .
J. T r a n s i t i o n a l  H o u s i n g : s t r u c t u r e s  that  use a combination
o f  t r a d i t i o n a l  and manufactured m a t e r i a l s  in a form that  
f o l l o w s  European d e s i g n s  and c o n f i g u r a t i o n s .
K. V u l n e r a b i l i t y : a c o n d i t i o n  wherein human s e t t l e m e n t s  or
b u i l d i n g s  a r e  e x p o s e d  t o  a d i s a s t e r  by v i r t u e  of  t h e i r  
c o n s t r u c t i o n .  B u i ld in g s  are c o n s id e r e d  v u ln e r a b le  i f  they  
c a n n o t  w i t h s t a n d  the f o r c e s  of  high winds or ear thquakes .  
C o m m u n i t i e s  on u n p r o te c te d ,  l ow ly in g  i s l a n d s  t h rea ten ed  by 
h u r r i c a n e s ,  or in  se i s m ic  areas where a l a r g e  p ro p o r t io n  of  
t h e  s t r u c t u r e s  c a n n o t  w i t h s t a n d  the f o r c e s  of  an e a r t h ­
quake, are c o n s id ered  "vu ln erab le  communit ies".
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TI. RISK IN THE COOK ISLANDS
HURRICANE RISK
In  t h e  Cook I s l a n d s ,  t r o p i c a l  c y c lo n e s  and storm surges re p r e ­
s e n t  a moderate r i s k  in  g e n e r a l ;  tsunamis and earthquakes r e p r e s e n t  a 
l o w  r i s k .  The Cook I s l a n d s  l i e  w i t h i n  the P a c i f i c  Basin se i sm ic  
r e g i o n  and w i t h i n  the h u rr ican e  zone .  The f i f t e e n  i s l a n d s  are spread  
o v e r  a v e r y  l a r g e  a r e a  o f  t h e  P a c i f i c  be tw een  8 degrees  and 23 
d e g r e e s  s o u t h  l a t i t u d e  and 156 degrees  and 167 degrees  west l o n g i ­
t u d e .  T h i s  p la c e s  the i s l a n d s  on the e a s t e r n  edge of  the "hurricane  
c o r r i d o r "  of  the South P a c i f i c .  Hurricanes do occur and could s t r i k e  
an y  o f  t h e  i s l a n d s ,  but the frequency  i s  much l e s s  than in the more 
w estern  i s l a n d  groups such as F i j i .
The i s l a n d s  a r e  d iv id e d  i n t o  southern and northern groups.  In 
t h e  s o u t h e r n  g r o u p ,  5 n o t a b l e  storms between 1905 and 1939 and 10 
s t o r m s  between 1940 and 1969 were r e c o rd ed .  In the northern group,  2 
s t o r m s  b e t w e e n  1905 and 1939 and 3 storms between 1940 and 1969 were 
r e c o r d e d  ( s e e  F i g u r e  2 ) .  Because of  i t s  l a t i t u d e ,  the r i s k  to the  
n o r t h e r n  group i s  l e s s  than to the southern group.  Palmerston Is land  
a p p e a r s  t o  h a v e  t h e  h i g h e s t  r i s k  due to i t s  l a t i t u d e  and lo n g i tu d e  
w h i c h  p la c e  the i s l a n d  s l i g h t l y  to  the north and west of  the southern  
g ro u p .
Hurricanes th r e a t e n  housing  in the Cooks wi th:
1. Damage o r  c o l l a p s e  r e s u l t i n g  from the f o r c e s  of high  
w in d s ;
2. I n u n d a t i o n  from storm surges ( p o p u la r ly  known as t i d a l  
waves) a f f e c t i n g  lo w - l y i n g  i s l a n d s ;
3.  I n u n d a t i o n  f r o m  f l o o d i n g  on the high (mountainous)  
i s l a n d s  c a u s e d  by  h i g h  r a i n f a l l  accompanying the  
storm; and
4 .  Damage r e s u l t i n g  from l a n d s l i d e s ,  muds l ides  or other  
d i  s p 1 a c eme n t s caused  by s u p e r - s a t u r a t i o n  of  the s o i l  
by heavy r a i n f a l l  on the high i s l a n d s .
A l l  o f  t h e s e  t h r e a t s  e x i s t  in  the Cook I s l a n d s ,  with the a t o l l s  
m o s t  a t  r i s k  f r o m  s to r m  s u r g e s .  Palmerston i s  con s id ered  the most 
v u l n e r a b l e  t o  storm surges ( s e e  Appendix V for  a report  on "Protec­
t i o n  o f  S e t t l e m e n t s  on A t o l l s  from Storm Surges:  A Case Study of  
Palmerston I s l a n d " ) .
EARTHQUAKE RISK
The Cook I s l a n d s  are s i t u a t e d  far  to the e a s t  of  the f a u l t  s y s ­
tem t h a t  g e n e r a t e s  t h e  earthquakes which p e r i o d i c a l l y  a f f e c t  Tonga
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and oth er  c o u n t r i e s  in  the r e g i o n .  Thus earthquake r i s k  i s  low.
Damage f r o m  t s u n a m i s  ( s e i  s m i c a l l y - g e n e r a t e d  sea waves) i s  of  
l i t t l e  c o n c e r n  to the i s l a n d s  because  the communities are l o c a t e d  on 
a s m a l l ,  n a r r o w  l a n d  a r e a .  As a g e n e r a l  r u l e ,  a t o l l s  and small  
i s l a n d s  p r o t e c t e d  by c o r a l  r e e f s  are not as v u l n e r a b l e  to tsunamis a |  
l a r g e  i s l a n d s  or  c o a s t a l  a r e a s ,  and a review of  h i s t o r i c a l  records  
s h o w s  no f u r t h e r  c a u s e  for  concern .  In any e v e n t ,  l i t t l e  could  be 
d o n e  to p r o t e c t  communities in  the Cooks from tsunam is ,  other  than to  
provide warning and n o t i c e  of  e v a c u a t i o n .
ESTABLISHING PRIORITY AREAS FOR VULNERABILITY REDUCTION
V u l n e r a b i l i t y  r e d u c t io n  e f f o r t s  should be i n i t i a t e d  in areas at 
g r e a t e s t  r i s k ,  in  areas where r e c o n s t r u c t i o n  would be most d i f f i c u l t  
or  c o s t l y ,  o r  i n  areas that  are d i f f i c u l t  to  reach or supp ly .  Also  
e f f o r t s  w i l l  be most s u c c e s s f u l  in  areas where new housing  i s  being  
b u i l t .
In  t h e  C o o k s ,  t h e r e  a r e  s e v e r a l  f a c t o r s  to  c o n s i d e r .  F i r s t ,  , . . . .  oh u r r i c a n e s  u s u a l l y  o r i g i n a t e  m  l a t i t u d e s  below 10 south;  thus
h u r r i c a n e  r i s k  i n c r e a s e s  the more s o u t h e r l y  an i s l a n d ' s  p o s i t i o n  in
t h e  g r o u p .  S e c o n d ,  most of  the new c o n s t r u c t i o n  i s  taking  p la ce  in
t h e  s o u t h e r n  g r o u p .  Third,  t r a n s p o r t  of  b u i l d i n g  m a t e r i a l s  to a l l
t h e  o u t e r  i s l a n d s  i s  d i f f i c u l t  and s low .  Because of  the lack  of
c a p a b i l i t y  to  provide emergency or r e c o n s t r u c t i o n  a s s i s t a n c e  (due to
t r a n s p o r t a t i o n  d i f f i c u l t i e s ) ,  p r i o r i t y  should be g iv e n  to the more
p o p u l o u s  o u t e r  i s l a n d s  in  the h u rr ica n e  b e l t .  The outer  i s l a n d s  are
a l s o  w h e r e  m o s t  o f  t h e  r e m a i n i n g  t r a d i t i o n a l  houses  are found.
T h e r e f o r e ,  i t  i s  recommended that  p r i o r i t y  in  v u l n e r a b i l i t y  red u c t io n
e f f o r t s  b e  g iv en  to the southern group,  s t a r t i n g  with Palmerston and
A i t u t a k i ,  and t h e n  t h e  r e m a i n i n g  i s l a n d s  of  the southern group.
U p g r a d in g  should  a l s o  be s t r e s s e d  in  Rarotonga during t h i s  per iod  but
a d d i t i o n a l  i n c e n t i v e s ,  t e c h n i c a l  a s s i s t a n c e  and aid  w i l l  be needed in
the outer  i s l a n d s  to  make the m o d i f i c a t i o n s  a f f o r d a b l e .
K u m i z i  I i d a ,  Doak C. Cox, George P a r a r a s -C a r a y a n n is , P re l im in a ry  
C a t a l o g u e  o f  T s u n a m i s  Occuring in  the  P a c i f i c  Ocean, Hawaii I n s t i ­
t u t e  of  G eophys ics ,  Hono lu lu ,  1967 (as  amended).
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III. CONTEMPORARY HOUSING AND HOUSING TRENDS
HISTORY OF HOUSING IN THE COOK ISLANDS
T r a d i t i o n a l  houses  in the Cook I s la n d s  are c a l l e d  "hares" .  Each 
i s l a n d  h a s  d e v e l o p e d  d i s t i n c t l y  d i f f e r e n t  forms and v a r i a t i o n s  of  
h o u s i n g  throughout the h i s t o r y  of  the c o u n tr y ,  al though c e r t a i n  forms 
p r e d o m i n a t e  i n  e a c h  o f  t h e  i s l a n d  groups.  The e a r l y  t r a d i t i o n a l  
h o u s e s  w e r e  m o s t l y  r e c t a n g u l a r  with w e l l - d e f i n e d  s i d e  w a l l s  and a 
g a b l e d  r o o f .  T hese  d e s i g n s ,  wi th m o d i f i c a t i o n s ,  can s t i l l  be found 
on many of  the i s l a n d s .
The h o u s e s  were b u i l t  with wood p o s t s  and most were covered with  
p a n d a n u s  l e a v e s .  On some i s l a n d s  t h e  houses  were thatched with  
coconut  p a lm s .
The " P a s a k a "  ( i l l u s t r a t e d  below) was one type of  house found on 
some i s l a n d s  t h a t  was  r e c o g n i z e d  as a good d w e l l in g  for r e s i s t i n g  
s t r o n g  w i n d s  and h u r r i c a n e s .  The Pasaka was e s s e n t i a l l y  an A-frame 
b u i l t  w i t h o u t  w a l l  p o s t s  and w a l l  p l a t e s .  The lower ends of  the  
p r i n c i p a l  r a f t e r s  r e s t e d  d i r e c t l y  on the ground.  The frame made the 
b u i l d i n g  q u i t e  s t r o n g  and i t  was not as l i k e l y  ^o be damaged in a 
h u rr ica n e  as were o th er  types of  t r a d i t i o n a l  h o u s e s .
The contemporary hare borrows from e a r l y  d e s i g n s ,  e s p e c i a l l y  the  
s t r o n g e r  s t r u c t u r a l  e lements  of  the Pasaka.  Although wind r e s i s t a n c e  
h a s  b e e n  l o s t  by r e t a i n i n g  v e r t i c a l  w a l l s ,  the a d d i t i o n  o f  two king  
p o s t s  ( m a i n  s u p p o r t i n g  p o s t s )  to  h e lp  support  the r id g e  po le  adds 
s t r e n g t h  to the frame and a l lo w s  a s t e e p e r  roof  p i t c h  which makes the  
b u i l d i n g s  c o o l e r .  R e c o r d s  o f  da m a g e  from re c e n t  h u r r ica n es  are  
i n c o m p l e t e  b u t  ob servers  have noted t h a t ,  even though hares  r e c e i v e  
c o n s i d e r a b l e  roof  damage, the frame remains i n t a c t  and few occupants  
have been in j u r e d .
H i r o a ,  T . R .  E t h n o l o g y  o f  T o n g a r e v a ,  Bishop Museum: Honolulu,
1932.
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Modern Hare
Frame for Modern Hare
The a r r i v a l  o f  t h e  m i s s i o n a r i e s  saw the i n t r o d u c t i o n  of  l ime  
b u r n i n g  and t h e  u s e  o f  l i m e  a s  a c e m e n t .  The London Missionary  
S o c i e t y  C h u r c h  a t  A v a r u a  i s  an example of  a s t r u c t u r e  b u i l t  from 
c o r a l  b o u l d e r s  c e m e n t e d  w i th  a mortar of  l im e ,  beach sand and sea  
w a t e r .  The w a l l s  o f  t h i s  b u i l d i n g  a r e  o n e  meter t h i c k .  Other 
c h u r c h e s  w e r e  b u i l t  by sawing cemented c o r a l  d eb r i s  in t o  b locks and 
c o n c r e t i n g  th em  t o g e t h e r  w i t h  the l ime mortar .  Houses were a l s o  
b u i l t  in  t h i s  manner.
In  19 50 a l l  t h e  p a n d a n u s  p a lm  on Rarotonga was des troyed  by 
i n s e c t s .  T h i s  had t h e  e f f e c t  o f  h a s t e n i n g  the t r a n s i t i o n  from 
t r a d i t i o n a l  to  more contemporary m a t e r i a l s .  In 1951 the use of lime  
was r e v i v e d  by t h e  Super in tend en t  of  Works and, in  the period from 
1 9 5 1  t o  1 9 6 1 ,  approximate ly  42% of  the government's  b u i l d i n g  program 
was  c a r r i e d  out us ing  " c o r a l i t e " , ^ a s  i t  was termed.  The c o s t  of l ime  
was  a b o u t  22% t h a t  o f  c e m e n t .  There appears to  have been l i t t l e  
or  no l i m e  burning in the l a s t  5 to  10 y e a r s ,  and c o r a l i t e  b u i l d i n g s  
make up o n l y  a s m a l l  p e r c e n t a g e  of  the t o t a l  housing  in the Cook 
I s l a n d s  today .
A f t e r  t h e  i n t r o d u c t i o n  of  l im e ,  changes in hous ing s t y l e s  and 
b u i l d i n g  m a t e r i a l s  e v e n t u a l l y  f o l l o w e d  o v e r s e a s  t r e n d s .  This  
e v o l u t i o n  h a s  b e e n  f u r t h e r  a c c e l e r a t e d  i n  t h e  l a s t  decade by 
i n c r e a s e d  m i g r a t i o n  t o  and r e t u r n  from New Zealand.  Today many 
p e o p l e  go  t o  New Z ea land  to work for  s e v e r a l  y e a r s ,  earning  enough 
m oney  t o  purchase  a house in k i t  form and sh ip  i t  home. In 1978 the 
i m p o r t a t i o n  of  b u i l d i n g  m a t e r i a l s  and hous ing k i t s  accounted for 7.6% 
of  t o t a l  im ports .
Dr. D .J .  Cook, Op. C i t . 
I b i d .
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CONTEMPORARY LOW COST HOUSING
H o u s i n g  i n  the Cook I s l a n d s  today can 
t h ree  c a t e g o r i e s :  t r a d i t i o n a l ,  t r a n s i t i o n a l
be c l a s s i f i e d  in t o  one of  
or modern.
A. T r a d i t i o n a l  Housing:
The t r a d i t i o n a l  house or "hare" i s  a b e a u t i f u l  housing  form w e l l  
s u i t e d  t o  t h e  c l i m a t e  and t r a d i t i o n a l  way of  l i f e ,  but i t  i s  
r a p i d l y  d i sa p p ea r in g  throughout the Cooks.  Very few hares  b u i l t  
e n t i r e l y  o f  t r a d i t i o n a l  m a t e r i a l s  are s t i l l  found,  although  
t h e r e  a r e  many b u i l d i n g s  t h a t  use t r a d i t i o n a l  m a t e r i a l s  and 
d e s i g n s  f o r  t h e  main components and manufactured m a t e r i a l s  for  
o t h e r  e l e m e n t s  o f  t h e  b u i l d i n g s .  The most p r e v a le n t  examples  
a r e  b u i l d i n g s  which use t r a d i t i o n a l  m a t e r i a l s  for  the w a l l s  and 
roof  frame but cover the roof  with metal  s h e e t s .
U n f o r t u n a t e l y ,  h a r e s  b u i l t  in  the t r a d i t i o n a l  manner are very  
s u s c e p t i b l e  t o  d am age  from windstorms because  wind can e a s i l y
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p e n e t r a t e  the w a l l s ,  d e f l e c t  upward underneath the roof  and l i f t
T r a n s i t i o n a l  houses  are b u i l d i n g s  that  i l l u s t r a t e  the a r c h i t e c ­
t u r a l  t r a n s i t i o n  between t r a d i t i o n a l  b u i l d i n g s  and more modern 
f o r m s .  The t e r m  " t r a n s i t i o n a l "  i n  t h i s  ca se  r e f e r s  to the  
a r c h i t e c t u r a l  s t y l e  r a t h e r  t h a n  t o  a phase of the b u i l d i n g  
i t s e l f .  In  the Cook I s la n d s  most of  the t r a n s i t i o n a l  b u i l d i n g s  
r e p r e s e n t  a r c h i t e c t u r a l  s t y l e s  and b u i l d i n g  methods that  were 
i n t r o d u c e d  d u r i n g  t h e  l a s t  century  in  European a r c h i t e c t u r a l  
f o r m s .  T h e r e  a r e  s e v e r a l  popular v a r i a t i o n s  seen  in the Cooks 
i n c l u d i n g  b u i l d i n g s  made with c o r a l  and l ime as w e l l  as some 
wooden b u i l d i n g s  e r e c te d  during the past  f i f t y  y e a r s .
T h e s e  b u i l d i n g s  t e n d  to be f a i r l y  h u rr icane  r e s i s t a n t  as they  
a r e  g e n e r a l l y  made of  h e a v i e r  m a t e r i a l s ,  the q u a l i t y  of  workman­
s h i p  was g o o d ,  and the d e s ig n s  were s t r o n g .  However, many are  
i n  n e e d  of  r e p a ir  and many of the s k i l l s  tha t  are ev id e n t  in the  
d e t a i l s  o f  t h e  e a r l y  b u i l d i n g s  are no longer  p r a c t i c e d  when 
p e o p l e  b u i l d  t h i s  type of  form today .  The most p r e v a le n t  type  
o f  dam age  t h a t  c o u l d  be expected to t r a n s i t i o n a l  b u i l d i n g s  i s  
damage to the r o o f .
C. Modern Low-Cost Housing:
M odern h o u s e s  a r e  u s u a l l y  b u i l t  by c o n t r a c t o r s ,  a l though many 
( e s p e c i a l l y  wood p a n e l  b u i l d i n g s )  ar e  b u i l t  by the owners,  
p a r t i c u l a r l y  i f  they have acquired b u i l d i n g  s k i l l s  and c a p i t a l  
f r o m  a s t a y  in  New Zealand.  Many of  the c o n t r a c t o r - b u i l t  houses  
a r e  f in a n c e d  by the Development Bank*; t h e s e  must conform to the 
New Z e a l a n d  B u i l d i n g  Code  and must be in s p e c te d  and approved 
d u r i n g  c o n s t r u c t i o n .  U n f o r t u n a t e ly ,  there  i s  l i t t l e  i n s p e c t i o n  
o u t s i d e  R aro to n g a .  There are no government programs to provide  
h o u s i n g  d i r e c t l y  o r  i n d i r e c t l y  to  the p u b l i c .  However, the  
P u b l i c  Works Department prov ides  d e s ig n  a s s i s t a n c e  and standard  
p l a n s  t o  p e r s o n s  w i s h i n g  t o  b u i l d  h o u s e s  and makes th e s e  
a v a i l a b l e  t o  c o n t r a c t o r s  t h r o u g h o u t  t h e  c o u n t r y .  S t i l l ,  
c o n t r a c t o r s  o f t e n  m o d i f y  t h e  p la n s  and some of  the d i s a s t e r  
r e s i s t a n t  f e a t u r e s  are not co m p le te ly  incorporated  in the f i n a l  
b u i l d i n g s .
MATERIAL CONSIDERATIONS
In t h e  p a s t ,  most hares  were b u i l t  of  ind igenous m a t e r i a l s  found 
on t h e  i s l a n d s .  With m odernizat ion  and c l e a r i n g  of  la r g e  p o r t io n s  of
* S p e c i a l  f u n d  f o r  d e v e l o p m e n t  o f f e r e d  by the Post  O f f i c e  Savings  
Bank, funded by the Asian Development Bank.
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t h e  i s l a n d s  fo r  p l a n t i n g  t r o p i c a l  commercial  c r o p s ,  most of  the t r e e s  
n o r m a l l y  used in c o n s t r u c t i o n  are go ne .  Most houses  now use b u i l d i n g  
m e t h o d s  t h a t  r e q u i r e  imported m a t e r i a l s  such as c o n c r e t e ,  wood, or 
m e t a l  s h e e t s .  This r a i s e s  the c o s t  of  c o n s t r u c t i o n  far  above what i t  
would be i f  more l o c a l l y  a v a i l a b l e  m a t e r i a l s  were used .
S h o u l d  a d i s a s t e r  o c c u r ,  the c o s t  of  r e c o n s t r u c t i o n  of  modern 
s t r u c t u r e s  w i l l  be  many t imes h igh er  than r e c o n s t r u c t i o n  of  t r a d i ­
t i o n a l  b u i l d i n g s  w h i c h  r e l y  on indigenous m a t e r i a l s .  Should the  
d i s a s t e r  o c c u r  i n  t h e  outer  i s l a n d s ,  most people  would not r e b u i l d  
t r a d i t i o n a l  homes but would modernize .  R e c o n s tr u c t io n  c o s t s  w i l l  be 
f u r t h e r  in c r e a s e d  i f  i t  i s  n e c e s s a r y  to t ra n sp o r t  l a r g e  q u a n t i t i e s  of  
m a n u f a c t u r e d  b u i l d i n g  m a t e r i a l s  from the l a r g e r  i s l a n d s  to  the more 
r e m o t e  a r e a s .  This a l s o  means that  the t o t a l  time for  recovery  would 
be i n c r e a s e d  d u e  to t r a n s p o r t  d e la y s  and the time required  to b u i ld  
more formal  b u i l d i n g s .
F or  t h i s  r e a s o n  i t  i s  important  that  c o n s i d e r a t i o n  be g iv e n  to  
d e v e l o p i n g  l o w - c o s t  h o u s i n g  d e s i g n s  and b u i l d i n g  methods that  
i n c o r p o r a t e  the popular f e a t u r e s  of modern h o u s in g ,  ye t  can be b u i l t  
w i t h  a h i g h  p e r c e n t a g e  of  l o c a l l y  a v a i l a b l e  m a t e r i a l s .  Several  of  
t h e  b u i l d i n g  methods in troduced  in the l a s t  century  and s t i l l  used in  
t r a n s i t i o n a l  b u i l d i n g s  c o u l d  b e  improved upon and used to b u i ld  
m o d e r n - s t y l e  b u i l d i n g s  ( e . g . ,  l ime and c o r a l ) .  Another o p t io n  would 
be t o  u s e  a c o m b i n a t i o n  o f  m a n u f a c t u r e d  and l o c a l l y  a v a i l a b l e  
m a t e r i a l s .  An i n t e r e s t i n g  method which could  be a p p l i e d  i s  the use  
o f  c o r a l  and  c o n c r e t e  b l o c k  now b e i n g  t r i e d  in Tuvalu.  In t h i s  
m e t h o d ,  c o r a l  r o c k s  a r e  s u b s t i t u t e d  for c o n c r e t e  b locks  in non-  
s t r u c t u r a l  p a r t s  o f  the w a l l .  This prov ides  an a t t r a c t i v e ,  s trong  
w a l l  at a reduced c o s t .
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I f  a d e q u a t e  r e i n f o r c e m e n t  i s  u se d ,  there  i s  no reason why t h i s  
t y p e  o f  c o n s t r u c t i o n  would not be s a f e .  In f a c t ,  even more use of  
c o r a l  could  be employed s a f e l y  as shown below.
S a v e  the Chi ldren  Foundation in Tuvalu has asked a c o n s u l t a n t  in 
F i j i  t o  u n d er ta k e  a coconut stem u t i l i z a t i o n  s tu d y ,  part  of  which i s  
t o  d e te r m in e  the p o t e n t i a l  for  us in g  coconut wood in h o u s in g .  (Stems  
a r e  now u s e d  i n  the roof  frame and in the n o n - lo a d —bear ing parts  of  
some h o u s e s . )  I f  c o c o n u t  palms can be used ,  t h i s  would provide  a 
m u c h - n e e d e d  s o u r c e  o f  wood to keep b u i l d i n g  c o s t s  down. Thus, the  
r e s u l t s  of  t h i s  study  should be shared with the Cooks.
USE OF CONTRACTORS
In  r e c e n t  y e a r s  there  has been a trend toward in creased  use of  
c o n t r a c t o r s  to b u i l d  or s u p e r v i s e  c o n s t r u c t i o n .  This i s  due in part  
t o  t h e  demand f o r  more  m od e r n  b u i l d i n g s  made p o s s i b l e  by Cook 
I s l a n d e r s  working abroad and sav ing  money for  a home in  the i s l a n d s .  
The m a j o r i t y  o f  c o n c r e t e  b lock  and wood panel hous ing on both Raro­
t o n g a  and the oute r  i s l a n d s  i s  b u i l t  with at  l e a s t  some input from a 
t r a d e s m a n .  The number of  c o n t r a c t o r s  i s  very  small  but growing,  and 
many men a r e  r e c e i v i n g  t r a i n i n g  and e x p e r i e n c e  o v e r s e a s .  A c o n t r a c ­
t o r  may be  a s k e d  t o  b u i l d  t h e  comple te  house and provide  a l l  the  
l a b o r .  In  o t h e r  c a s e s  he  may o n l y  be  h i r e d  to prov ide p e r io d ic  
a dv ice  or to  b u i l d  c r i t i c a l  components.
The i n c r e a s e d  u s e  of  c o n t r a c t o r s  i s  an important c o n s i d e r a t i o n  
f o r  h o u s i n g  v u l n e r a b i l i t y  r e d u c t io n  because  they b u i l d  the h e a v ie r  
and more  c o s t l y  b u i l d i n g s  and because  more s o p h i s t i c a t e d  b u i l d i n g s  
w i l l  r e q u i r e  more p r o f e s s i o n a l  input in  order to  be b u i l t  c o r r e c t l y .  
E f f o r t s  s h o u l d  focus on upgrading c o n t r a c t o r s '  s k i l l s  and c a p a b i l i ­
t i e s .  W i t h o u t  f u l l  p a r t i c i p a t i o n  by c o n t r a c t o r s ,  v u l n e r a b i l i t y  
r e d u c t io n  w i l l  be d i f f i c u l t  to  a c h i e v e .
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IV. VULNERABILITY ANALYSIS OF LOW-COST HOUSES
The purpose of  t h i s  chapter  i s  to  i d e n t i f y  the most common types  
o f  l o w - c o s t  h o u s e s ,  to  i d e n t i f y  the s t r u c t u r a l  problems of  each ty p e ,  
and t o  d e t e r m i n e  t h e i r  r e l a t i v e  v u l n e r a b i l i t y  to both high winds and 
e a r t h q u a k e s .  O p t i o n s  f o r  improving the s t r u c t u r a l  performance of  
each b u i l d i n g  type are then c o n s i d e r e d .
DETERMINANTS OF VULNERABILITY
The e x t e n t  t o  w h i c h  a h o u s e  i s  v u ln e r a b le  to  a d i s a s t e r  i s  a 
f u n c t i o n  o f  f o u r  f a c t o r s :  d e s ig n  and c o n f i g u r a t i o n  of  the house;
q u a l i t y  o f  workmanship; s t r e n g t h  of  the m a t e r i a l s  used;  and r e l a t i v e  
s a f e t y  o f  t h e  s i t e .  In  g e n e r a l ,  b u i l d i n g s  made of  l i g h t w e i g h t  
m a t e r i a l s  a r e  more  s u s c e p t i b l e  t o  damage from high winds,  w h i le  
b u i l d i n g s  made o f  h e a v i e r  m a t e r i a l s ,  s u c h  as b lock or c o n c r e te  
p a n e l s ,  are more s u s c e p t i b l e  to damage from earthquakes .
V u l n e r a b i l i t y  to h u r r ic a n e s  i s  determined by:
----  c o n f i g u r a t i o n  of the b u i l d i n g ;
----  c o n f i g u r a t i o n  of  the roof ;
----  angle  of  the roof  (a  3 0 -45°  angle  i s  b e s t ) ;
----  how w e l l  the b u i l d i n g  i s  t i e d  to g e th e r ;
----  how s e c u r e l y  the roof  i s  t i e d  to the w a l l s ;
----  how w e l l  the b u i l d i n g  i s  anchored to the ground.
Thus the b u i l d i n g s  most v u l n e r a b l e  to h u r r ic a n e s  are l i g h t w e i g h t  
s t r u c t u r e s  w i t h  wood frames,  e s p e c i a l l y  o ld e r  b u i l d i n g s  where wood 
h a s  d e t e r i o r a t e d  and weakened the w a l l s .  Houses made of  u n re in fo rced  
or poor ly  c o n s t r u c t e d  c o n c r e t e  b lock  are a l s o  v u l n e r a b l e .
R o o f  c o n f i g u r a t i o n  and c o n s t r u c t i o n  are very important  c o n s i d e r ­
a t i o n s  f o r  a l l  t y p e s  o f  h o u s i n g .  I f  the roof  i s  not adequate ly  
a t t a c h e d  and b r a c e d ,  and h a s  a l a r g e  o v e r h a n g i n g  e a v e ,  i t  i s  
p o t e n t i a l l y  the weakest part  of  the h o u se .
V u l n e r a b i l i t y  of  housing  to earthquakes i s  determined by many of  
t h e s e  same f a c t o r s ,  plus  s e v e r a l  o t h e r s .  In a d d i t i o n  to c o n f i g u r a ­
t i o n  and s t r u c t u r a l  i n t e g r i t y ,  o ther  de terminants  are:
----- S i t e  ( s h o u ld  be f l a t  with s t a b l e  s o i l s )
----- Foundation ( sh ou ld  be s trong  and l e v e l )
----- Center of  Gravi ty  ( w a l l s  should be low)
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----  R e i n f o r c e m e n t  i n  the Walls (adequate  v e r t i c a l ,  h o r i ­
z o n t a l  and d i a g o n a l  r e i n f o r c i n g  should be placed in 
each w a l l )
In  a r e a s  of  s e i s m ic  a c t i v i t y ,  the most v u ln e r a b le  houses  are the 
u n r e i n f o r c e d  o r  poor ly  c o n s t r u c t e d  c o n c r e t e  b lock  and s tone  wal l  or 
o t h e r  t y p e s  o f  m a s o n r y  b u i l d i n g s .  T h e o r e t i c a l l y ,  block hous ing i s  
f a i r l y  easy to r e i n f o r c e  to  a b a s i c  standard of  earthquake r e s i s t a n c e  
and some b l o c k  h o u s e s  in the Cooks do use adequate iron r e i n f o r c e ­
m e n t .  H o w e v e r ,  t h e  q u a l i t y  o f  t h e  b l o c k s  in many areas and the  
workm anship and d e t a i l i n g ,  e s p e c i a l l y  r ing  beams, are very poor; thus 
some b u i l d i n g s  may be p a r t i c u l a r l y  v u l n e r a b l e .
A g a i n ,  i t  i s  i m p o r t a n t  t o  r e m e m b e r  t h a t  " r i s k "  means the 
c h a n c e  t h a t  some t y p e  o f  e v e n t  l i k e  a h u rr icane  might s t r i k e  an 
a r e a ;  " v u l n e r a b i l i t y "  r e f e r s  t o  the p o s s i b i l i t y  of  a b u i l d i n g  or 
s e t t l e m e n t  b e i n g  damaged by that  e v e n t .  Thus, i f  a strong  b u i l d i n g  
i s  s i t e d  in a high r i s k  a r e a ,  i t  may not be v u l n e r a b l e .
COMMON PROBLEMS
T h e r e  a r e  a num ber  o f  p rob lem s  o f t e n  found in housing  in the  
Cook I s l a n d s .  The f o l l o w i n g  s e c t i o n  d e s c r i b e s  some of  the more 
p o p u l a r  s t y l e s  and d e t a i l s  t h a t  h a v e  b e e n  i d e n t i f i e d  as being  
dangerous in e i t h e r  h u r r i c a n e s  or earthquakes .
A. R o o f  C o n f i g u r a t i o n : Many b u i l d i n g s  in the Cooks u t i l i z e
a s h a l l o w  g a b l e  r o o f  s u c h  as the one i l l u s t r a t e d  in the  
f i g u r e  be low.
For  both  h u rr icane  and earthquake r e s i s t a n c e ,  a hipped roof  
s u c h  a s  t h a t  i l l u s t r a t e d  b e l o w  i s  p re fe r r ed  because i t  
r e d u c e s  t h e  t o t a l  s u r f a c e  a r e a  exposed to wind- induced  
u p l i f t .
A g a b l e  roof  may be used ,  however,  i f  the ang le  of  i n c l i n a ­
t i o n  o f  t h e  r o o f  i s  a p p r o x i m a t e l y  30-40  ( t h e  s t e e p e r  
a n g l e  r e d u c e s  s u c t i o n ) ,  i f  the roof  t r u s s e s  are adequate ly  
b r a c e d  so that  they do not c o l l a p s e  when f o r c e s  are a pp l ied  
a l o n g  the l o n g i t u d i n a l  a x i s  of  the h ouse ,  and provided that  
t h e  g a b l e  i s  s u f f i c i e n t l y  r e i n f o r c e d  so that  i t  does not  
f a i l  and c o l l a p s e  when p r e ssu r e s  are exe r te d  from e i t h e r  an 
earthquake or a h u r r i c a n e .
The r o o f s  of hares  are u s u a l l y  in  a gab le  c o n f i g u r a t i o n  but  
t h e  a n g l e  o f  i n c l i n a t i o n  meets the requirements  for wind 
r e s i s t a n c e .  H o w e v e r ,  i n  t h e  o t h e r  types of  houses  the  
r o o f s  a r e  o f t e n  too f l a t .  The lack  of  roo f  t r u s s  r e i n f o r ­
c ing  and p o o r l y - b u i l t  g a b le s  are common to many b u i l d i n g s .
B. P i e r s : Many o f  t h e  s m a l l e r  wood f r a m e  b u i l d i n g s  are
p l a c e d  on short  wooden p o s t s  in order to a l l o w  a i r  to c i r ­
c u l a t e  u n d ern ea th  and h e lp  keep the house c o o l ,  as w e l l  as 
t o  r e d u c e  i n s e c t  d am age  t o  t h e  w a l l s .  In h u r r i c a n e s ,  
f a s t - m o v i n g  t u r b u l e n t  a i r  can pass under the s t r u c t u r e ,  
l i f t i n g  i t  o f f  the p i e r s  and c o n t r i b u t i n g  to i t s  c o l l a p s e .
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C. V e r a n d a s  : The m a n n e r  i n  which a veranda i s  co n s tr u c te d
a f f e c t s  t h e  v u l n e r a b i l i t y  of  a h o u se .  I f  the veranda i s  
a t t a c h e d  t o  t h e  roof  s t r u c t u r e  and traps  wind underneath,  
the e n t i r e  roof  can be l i f t e d  o f f  the h o u se .
A p o p u l a r  veranda and i t s  p a t te r n  of  f a i l u r e  i s  i l l u s t r a t e d  
b e l o w .
I f  t h i s  c o n f i g u r a t i o n  i s  t o  be  u s e d ,  t h e  co n n e c t io n s  
b e t w e e n  t h e  v e r a n d a  and w a l l s  and roof  s t r u c t u r e  must be 
d e s i g n e d  in such a way that  the veranda can break away from 
t h e  m a i n  s t r u c t u r e  of  the house w i thout  s e v e r e l y  damaging 
the r e s t  of the h o u se .
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L o u v e r s :  U n l e s s  louvers  are c o m p le te ly  s e a l e d  o f f  during
a h u r r i c a n e ,  e x c e s s i v e  wind  can e n ter  the b u i l d i n g ,  i n ­
c r e a s i n g  the upward p ressu res  on the r o o f .
In  t h e o r y ,  i t  s h o u l d  be p o s s i b l e  to  board up t h e s e  areas  
b e f o r e  a h u r r i c a n e ,  e s p e c i a l l y  i f  adequate  warning i s  
g i v e n .  In  p r a c t i c e ,  however,  when a warning i s  r e c e i v e d ,  
wood b e c o m e s  s c a r c e  and i t  may be d i f f i c u l t  to  o b ta in  the  
m a t e r i a l s  n e c e s s a r y  t o  s e a l  o f f  t h e s e  a r e a s .  The i d e a l  
s o l u t i o n  i s  t o  i n s t a l l  storm s h u t t e r s  which can be c l o s e d  
when a h u rr ica n e  approaches.
Open S p a c e s  U n d e r  R o o f : Many h o u s e s  l ea v e  open space
b e t w e e n  t h e  r o o f  and w a l l s .  This a l lo w s  a i r  to  e n t e r  the  
h o u s e  f o r  c o o l i n g  p u r p o s e s .  But during high  winds t h i s  
s p a c e  p e r m i t s  e x c e s s i v e  amounts of  wind to e n te r  the house
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and in c r e a s e  the outward pressu re  on the w a l l s  and r o o f .
The b e s t  s o l u t i o n  t o  t h i s  problem i s  to s e a l  the eave as 
i l l u s t r a t e d  b e l o w .  T h i s  w i l l  a l s o  h e l p  r e d u c e  t h e  
u p l i f t i n g  f o r c e s  at  the e d g es .
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1VULNERABILITY ANALYSIS OF THE BASIC CONSTRUCTION TYPES
A. T r a d i t i o n a l  Hares
Few t r a d i t i o n a l  h o u s e s ,  or h a r e s ,  are s t i l l  found except  on the 
more remote oute r  i s l a n d s .
1.  C ons  t  r u c  t i  on : T r a d i t i o n a l  hares  are made in a v a r i e t y  of  
w a y s ,  and d i s t i n c t  d e s i g n s  are found on each i s l a n d .  A 
common method used on Mangaia i s  i l l u s t r a t e d  be low.
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Bamboo o r  s m a l l  s t r a i g h t  s t i c k s  are a t tached  v e r t i c a l l y  
b e t w e e n  t h e  p o s t s  t o  make t h e  w a l l s .  These are o f t e n  
s u p p o r t e d  by s m a l l  h o r i z o n t a l  p o le s  near the top of  the 
w a l l  t h a t  h e lp  to  r e i n f o r c e  the w a l l s .  T r a d i t i o n a l l y ,  the  
h o u s e  i s  bound to g e t h e r  with ropes made from coconut f i b e r  
o r  o t h e r  n a t u r a l  m a t e r i a l s ,  but in  r ecen t  years  c o n s t r u c ­
t i o n  wire has been u se d .  In many of  the newer h a r e s ,  n a i l s  
have rep laced  the b in d in g .
2.  R o o f  : H a r e s  n o r m a l l y  h a v e  a thatched roof  made of palm
l e a v e s .  M ost  r o o f s  h a v e  a 35 - 4 0  p i t c h  and u s e  a 
g a b l e  c o n f i g u r a t i o n  s l i g h t l y  r e c e s s e d  at the top of  the  
g a b l e .  In  r e c e n t  y e a r s ,  many th a tc h e d  r o o f s  have been  
rep laced  by corrugated  iron  ( C . I . )  s h e e t s .
3 .  S i z e : Hares average  about 12 x 30 f e e t .
4 .  V u l n e r a b i  1 i  t y  : Two weak p o in t s  of  hares  are the connec­
t i o n s  b e t w e e n  t h e  r o o f  and wal l  p o s t s ,  and d e t e r i o r a t e d  
w a l l  p o s t s .  The m a j o r  weak p o i n t ,  however,  i s  the w a l l s  
w h i c h  a l l o w  e x c e s s i v e  amounts of  a i r  to  e n te r  the b u i l d i n g  
d u r i n g  a s t o r m .  F or  t h i s  r e a s o n  t h e  b u i l d i n g s  always  
r e c e i v e  major damage.
H a r e s  t h a t  u s e  n a i l s  a r e  v e r y  v u ln e r a b le  to hurr ican es  
b e c a u s e  n a i l s  h a v e  i n s u f f i c i e n t  f r i c t i o n  and s tr e n g th  to  
r e s i s t  the p r e s s u r e s  on the j o i n t s  caused by h u r r i c a n e s .
5 .  M o d i f i c a t i o n s  f o r  Wind R e s i s t a n c e : The h u rr icane  r e s i s ­
t a n c e  p o t e n t i a l  f o r  h a r e s ,  e v e n  i f  proper ly  b u i l t  and 
r e i n f o r c e d ,  i s  p o o r .  S t r u c t u r a l  performance can be im­
p r o v e d  a l t h o u g h ,  due  t o  t h e  t y p e  o f  c o n s t r u c t i o n ,  the 
b u i l d i n g  cannot  be made a i r t i g h t  or s u f f i c i e n t l y  s trong  to 
w i t h s t a n d  high winds and s t r u c t u r a l  damage can be e x p e c te d .  
H o w e v e r ,  e v e n  i f  t h e  b u i l d i n g s  f a i l ,  i t  i s  very u n l i k e l y  
t h a t  s e r i o u s  p e r s o n a l  i n ju r y  w i l l  r e s u l t .  Thus, i t  would 
be u n w i s e  to attempt to r a d i c a l l y  a l t e r  the d e s ig n  or con­
f i g u r a t i o n  o f  t h e  b u i l d i n g s  s o l e l y  on t h e  grounds of  
h u r r i c a n e  v u l n e r a b i l i t y .  V u l n e r a b i l i t y  r e d u c t io n  e f f o r t s  
w o u l d  be  b e t t e r  f o c u s e d  on b u i l d i n g s  u s i n g  h e a v i e r  
m a t e r i a l s  t h a t  would be more dangerous to  t h e i r  occupants  
in  h u r r i c a n e s .
6 .  M o d i f i c a t i o n s  f o r  E a r t h q u a k e  R e s i s t a n c e : Because of
t h e i r  l i g h t w e i g h t  c o n s t r u c t i o n ,  the v u l n e r a b i l i t y  of  t r a d i ­
t i o n a l  hares  to earthquakes i s  n e g l i g i b l e .
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B. Coral-and-Lime C o n s tr u c t io n
C o r a l - a n d - 1  im e houses date back to the 18th century  and at one 
t i m e  w e r e  a v e r y  common f o r m  o f  h o u s in g .  The process  saw a 
b r i e f  r e v i v a l  i n  t h e  1 9 5 0 ' s ,  but no one i s  c u r e n t l y  b u i l d i n g  
w i t h  the t e c h n iq u e .  A few f a m i l i e s  s t i l l  l i v e  in c o r a l - a n d - l i m e  
b u i l d i n g s ,  but the number i s  d e c r e a s in g  each y e a r .
1. C o n s t r u c t i o n : There were s e v e r a l  v a r i a t i o n s  of  w a l l  con­
s t r u c t i o n .  In the most popular,  co r a l  rocks were cemented 
v e r t i c a l l y  a g a i n s t  a wooden p a n e l .  The panel served as a 
g u i d e  and he lped a l i g n  the w a l l  as i t  was l a i d  up. When a 
s e g m e n t  o f  t h e  w a l l  was c o m p l e t e d ,  the wood panel was 
r e m o v e d  and r e p o s i t i o n e d  for the next  segment of  c o n s t r u c ­
t i o n .  The p r o c e s s  was repeated u n t i l  the e n t i r e  w a l l  was 
c o m p l e t e d .  The w a l l s  n o r m a l l y  r e s t e d  on la r g e r  co r a l  
b l o c k s ,  a l though some were s i t u a t e d  on ston e  fo u n d a t io n s .
The m o r t a r  was o f t e n  made of  burnt marl ( d e p o s i t s  of  c l a y  
and c a l c i u m  carbonate burned to y i e l d  a mixture c h i e f l y  of  
l i m e ) .  S o m e t i m e s  f i b e r s  s u c h  a s  h o r s e h a ir  were added.  
More r e c e n t l y ,  l ime-and-cement and cement-and-sand mortars  
w e r e  u s e d .  The c e m e n t - a n d - s a n d  mortars have weathered  
w e l l ,  but l ime mortars show a good de a l  of  d e t e r i o r a t i o n .
2.  R o o f : C o r a l - a n d - l i m e  h o u s e s  t o d a y  u s u a l l y  have C . I .
s h e e t  r o o f s .  B o t h  g a b l e d  and hipped c o n f i g u r a t i o n s  are  
s e e n .
3.  S i z e : H o u s e s  b u i l t  in  t h i s  manner are small  to  medium in
s i z e ,  between 15-20 f e e t  wide and 30-40 f e e t  lo n g .
4 .  V u l n e r a b i l i t y : C o r a l - a n d - l i m e  houses  can be e x t e n s i v e l y
damaged in h u r r i c a n e s .  Expected damage in c lu d e s  s e p a r a t io n  
o f  t h e  r o o f  from the w a l l s  and f a i l u r e  of  g a b l e s .  F a i l u r e  
o f  t h e  w a l l s ,  however,  would be rare as the b u i l d i n g s  have
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q u i t e  a b i t  o f  m a s s .  Such f a i l u r e s  would be a r e s u l t  of 
w ind-dr iven  r a in  eroding  par ts  of the w a l l .
5 .  O t h e r  Weak P o i n t s : Louvered windows have been f i t t e d  to
many c o r a 1 - a n d  -  l ime h o u s e s .  In high winds,  louvers  a l low  
e x c e s s i v e  a m o u n t s  o f  w i n d  t h r o u g h  the windows, thereby  
i n c r e a s i n g  t h e  p r e s s u r e  which pushes upward on the r o o f ,  
l i f t i n g  i t  o f f  the w a l l s .
6 .  M o d i f i c a t i o n s  f o r  Wind R e s i s t a n c e : The f o l l o w i n g  a c t i o n s
a r e  recommended in order to improve s t r u c t u r a l  performance  
in  high winds:
a . Emergency measures
----  U se  m ore  n a i l s  to  f a s t e n  the zinc s h e e t s  to  the
roof  t r u s s e s .
----- F a s t e n  t h e  r o o f  r a f t e r s  t o  the r in g  beam with
m e t a l  s t r a p s  or  h u r r i c a n e  f a s t e n e r s ,  g i v i n g  
s p e c i a l  a t t e n t i o n  to the c o r n e r s .
----- S e a l  t h e  e a v e s  of  the s t r u c t u r e  to reduce u p l i f t
under the overhang.
----  Board up windows in a h u r r i c a n e .
b . P r o g r e s s i v e  upgrading measures
----- Add s t o r m  s h u t t e r s  t o  h e l p  c l o s e  o f f  louvered
windows during per iods  of  high winds.
----- R e p l a c e  c o r a l  g a b l e s  with wooden g a b l e s .  In a
h u r r i c a n e ,  c o r a l  g a b le s  tend to break and could  
f a l l  i n t o  the h ouse .
I f  t h e  a b o v e  r e c o m m e n d a t i o n s  a r e  c a r r i e d  o u t ,  the wind 
r e s i s t a n c e  p o t e n t i a l  of c o r a l - a n d - l i m e  s t r u c t u r e s  w i l l  be 
i n c r e a s e d .  I f  p r o p e r ly  m ainta ined ,  t h i s  type of  b u i l d i n g  
w i l l  provide  moderate wind r e s i s t a n c e .
7.  M o d i f i c a t i o n s  f o r  Earthquake R e s i s t a n c e : C ora l -and- l im e
s t r u c t u r e s  h a v e  d e m o n s t r a t e d  poor r e s i s t a n c e  to e a r t h ­
q u a k e s .  The most important m o d i f i c a t i o n  that  could be made 
t o  e x i s t i n g  b u i l d i n g s  w o u l d  be  t o  p l a c e  p i l a s t e r s  or 
b u t t r e s s e s  i n  t h e  corners and along the w a l l s ,  but e a r t h ­
q u a k e  r i s k  i s  n o t  h i g h  enough to j u s t i f y  such an i n v e s t ­
ment .
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C. S l ip - f o r m  Concrete
1. C o n s t r u c t i o n : S l i p - f o r m  c o n c r e t e  w a l l s  a r e  b u i l t  by
e r e c t i n g  a w o o d e n  fo rm ,  p l a c i n g  the s i d e s  12"-18" a p a r t .  
C o n c r e t e  i s  t h e n  poured between the formwork. As soon as 
t h e  c o n c r e t e  i s  s e t ,  the form i s  moved to another part  of  
t h e  w a l l  and the p rocess  i s  repeated  u n t i l  the e n t i r e  w a l l  
i s  comple te d .
The w a l l  i s  u s u a l l y  r e i n f o r c e d  with s t e e l  r o d s .  In some 
ca s e s  wire i s  t i e d  between the iron r e i n f o r c i n g  r o d s .
F o u n d a t i o n s  for  most s l i p - f o r m  c o n c r e t e  houses  are made of  
c o r a l ,  rocks or s tone  cemented i n t o  p l a c e .
2. R o o f  : S l i p - f o r m  c o n c r e t e  houses  u s u a l l y  have C . I .  shee t
r o o f s .  Both gabled  and hipped c o n f i g u r a t i o n s  are used .
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3. S i z e : H o u s e s  b u i l t  i n  t h i s  manner are of  moderate s i z e ,
averaging  between 15-25 f e e t  wide and 35-50 f e e t  l o n g .
4 .  V u l n e r a b i l i t y : S l i p - f o r m  c o n c r e te  houses  can be e x t e n ­
s i v e l y  d a m a g ed  i n  h u r r i c a n e s .  Expected damage in c lu d e s  
s e p a r a t i o n  o f  t h e  roof  from the w a l l s ,  f a i l u r e  of  g a b l e s ,  
and f a i l u r e  of the w a l l s  t h e m s e l v e s .  F a i l u r e  of  the w a l l s  
i s  u s u a l l y  a r e s u l t  of  w ind-dr iven  r a in  eroding  the poor ly  
made c o n c r e t e  w a l l s .  E v e n  t h o s e  houses  that  have iron  
r e b a r s  s u f f e r  t h i s  ty p e  of  damage because  the s t e e l  only  
s e r v e s  t o  bond t h e  c o n c r e t e ,  not  to  prov ide  lo a d -b e a r in g  
s t r e n g t h .  S tu d ie s  of  damage to t h i s  type of  s t r u c t u r e  show 
t h a t  t h e r e  i s  a h i g h  p e r c e n t a g e  o f  w a l l s  t o p p l in g  en 
m a s s e .
5.  O t h e r  Weak P o i n t s : Most  s l i p - f o r m  c o n c r e t e  houses  have
l o u v e r e d  w i n d o w s .  In high  winds ,  lo u v e r s  a l l o w  e x c e s s i v e  
a m o u n ts  of wind through the windows,  thereby  i n c r e a s i n g  the 
l i k e l i h o o d  th at  the roof  w i l l  blow o f f .
O t h e r  weak p o i n t s  of  the s t r u c t u r e  in c lu d e  the c o n n e c t io n  
b e t w e e n  t h e  r o o f  f ram e  or t r u s s  and the wooden r ing  beam 
atop the w a l l .
6 .  M o d i f i c a t i o n s  f o r  Wind R e s i s t a n c e : The f o l l o w i n g  a c t i o n s
a r e  n e c e s s a r y  in  order to improve s t r u c t u r a l  performance in  
high  w i n d s :
a . Emergency measures
----- Im p r o v e  the c o n n e c t io n s  between r a f t e r s  and r idge
po le  and at top s i l l  p l a t e .
----  U se  more  n a i l s  to  se cure  the metal  s h e e t s  to the
ro o f  t r u s s e s .
----  F a s t e n  t h e  r o o f  r a f t e r s  t o  the r ing  beam with
a n g l e  i r o n s ,  metal  s t r a p s  or h u rr icane  f a s t e n e r s ,  
g i v i n g  s p e c i a l  a t t e n t i o n  to the c o r n e r s .
----- C l o s e  o f f  t h e  e a v e s  of  the s t r u c t u r e  to reduce
u p l i f t  under the overhang.
----- Board up windows in  high winds.
b . M e a s u r e s  f o r  p r o g r e s s i v e  u p g r a d i n g  a n d / o r  new
c o n s t r u c t i o n
----- Use a hipped roof  c o n f i g u r a t i o n .
-----Add s t o r m  s h u t t e r s  t o  h e l p  c l o s e  o f f  louvered
windows during p er iod s  of  high winds.
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P o u r  a c o n c r e t e  f r a m e ,  u s i n g  i r o n  rebars for  
r e i n f o r c i n g .  The frame should  c o n s i s t  of  corner  
p o s t s ,  c e n t e r  p o s t s ,  and a r in g  beam.
P l a c e  a wood beam on top of  the w a l l  and a t ta c h  
i t  by b e n d i n g  s t e e l  rebars imbedded in the wal l  
o n t o  t h e  frame.  Then a t t a c h  the roof  t r u s s e s  to  
the wood with h u rr ica n e  f a s t e n e r s  or s t r a p s .
P l a c e  e a c h  w a l l  on a s o l i d  c o n c r e te  and stone  
f o u n d a t i o n  and t i e  the w a l l  to i t  with s t e e l  bars  
bu ried  in the c o n c r e t e .
U se  d i a g o n a l  b r a c i n g  i n  th e  roof  s t r u c t u r e  of  
g a b l e d  r o o f s  ( s e e  Chap. IV, Common Problems:  Roof 
C o n f i g u r a t i o n s ) .
R e p l a c e  c o n c r e te  g a b le s  with wooden g a b l e s .  In a 
h u r r i c a n e ,  t h e  c o n c r e t e  would tend to break and 
could  f a l l  i n t o  the h o u se .
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I f  t h e  a b o v e  r e c o m m e n d a t i o n s  a r e  c a r r i e d  o u t ,  the wind 
r e s i s t a n c e  p o t e n t i a l  of  s l i p - f o r m  c o n c r e te  s t r u c t u r e s  w i l l  
be s u b s t a n t i a l l y  i n c r e a s e d .  I f  proper ly  r e i n f o r c e d ,  t h i s  
t y p e  o f  s t r u c t u r e  c a n  be made m od erate ly  wind r e s i s t a n t .
7 .  M o d i f i c a t i o n s  f o r  E a r t h q u a k e  R e s i s t a n c e : S l i p - f o r m
c o n c r e t e  s t r u c t u r e s  w i l l  not  r e s i s t  earthquakes u n le s s  a 
c o n c r e t e  f r a m e  i s  b u i l t  i n t o  t h e  s t r u c t u r e .  E x i s t i n g  
s t r u c t u r e s  c a n n o t  be  e c o n o m i c a l l y  m o d i f i e d  to r e s i s t  
e a r t h q u a k e s .  New s t r u c t u r e s  m odif ied  to improve hu rr icane  
r e s i s t a n c e  u s i n g  t h e  methods i l l u s t r a t e d  above should be 
a dequate ly  s tren gth en ed  to r e s i s t  ear thquakes .
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D. Wood Panel  C o n s tr u c t io n
Wood p a n e l  houses  are i n c r e a s i n g l y  popular in  the Cook I s l a n d s .  
P o p u l a r i t y  may i n c r e a s e  i f  e co n o m ica l ly  a t t r a c t i v e  t imber from 
F i j i  becomes more a v a i l a b l e  in the mid 1 9 8 0 ' s .  The houses  o f f e r  
t h e  advantages  of  ease  of c o n s t r u c t i o n ,  ea se  of adding a d d i t i o n s  
and s u i t a b i l i t y  t o  th e  c l i m a t e .  I f  p roper ly  m ainta ined ,  they  
w i l l  l a s t  for many y e a r s .
1. C o n s t r u c t i o n : T h e r e  a r e  many v a r i a t i o n s  of  wood panel
h o u s e s ,  ranging from small  one-room b u i l d i n g s  on wood p i e r s  
t o  wood p a n e l  b u i l d i n g s  anchored to c o n c r e t e  fo u n d a t io n s .  
Some of  the more popular d e s ig n s  are shown below.
2.  R o o f : The p r e f e r r e d  r o o f  c o v e r in g  for  wooden houses  i s
C . I .  s h e e t s .  The m a j o r i t y  of  ro o f s  are g a b le d ,  al though  
many use a hipped c o n f i g u r a t i o n .
3.  S i z e : S i z e s  vary from 12 x 15 f e e t  to 20 x 50 f e e t .
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4. V u l n e r a b i l i t y : The m o s t  common damage caused by high
w i n d s  i s  roo f  s e p a r a t i o n .  In houses  with louvered windows,  
dam age  may be  caused  by d i f f e r e n t i a l  pressure  pushing out  
on the w a l l s  u n t i l  boards s e p a r a te  from the columns.
Many wood panel  houses  r e s t  on sh or t  p i e r s  or are anchored 
t o  t h e  ground  only  by the corner  p o s t s  of  the frame.  This  
i s  i n s u f f i c i e n t  a n c h o r a g e  for h u r r i c a n e s ,  and the houses  
may be l i f t e d  o f f  the ground and toppled over .
5.  O t h e r  Weak P o i n t s : T y p i c a l  w ea k  p o i n t s  of  wood panel
h o u s e s  a r e  t h e  c o n n e c t io n s  between roof  s h e e t i n g  and roof  
t r u s s e s  (most n a i l s  are too s h o r t ) ,  the co n n e c t io n s  between  
r o o f  t r u s s e s  and w a l l s ,  and the c o n n e c t io n s  between the  
b u i l d i n g  and i t s  f o u n d a t io n .
The p h o t o  b e l o w  i l l u s t r a t e s  a weak c o n n e c t io n  between the  
wood b u i l d i n g  f r a m e  and t h e  c o n c r e t e  f o u n d a t io n .  The 
c e m e n t  f a i l e d  a t  t h e  h o l d i n g  pin when the wood post  was 
n a i l e d  onto the h o r i z o n t a l  p i e c e .
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6.  M o d i f i c a t i o n s  f o r  Wind R e s i s t a n c e : The f o l l o w i n g  a c t i o n s
a r e  recommended in order to  improve the s t r u c t u r a l  p e r f o r ­
mance of  wood panel houses  in high winds:
a . Emergency measures
----  U se  more,  and lo n g e r ,  n a i l s  to secure  the r o o f in g
s h e e t s  to the roof  frame or t r u s s .
----- S e a l  t h e  a r e a  b e l o w  houses  on p i e r s  with rocks
and mud to prevent  u p l i f t .
----- U se  m e t a l  s t r a p s  t o  se cure  roof  t r u s s e s  to the
w a l l s .
----  S e a l  t h e  e a v e s  of  the house to prevent  wind from
e n t e r in g  under the overhang.
----  Board up windows during per iods  of  high wind.
b . M e a s u r e s  f o r  p r o g r e s s i v e  upgrading and/or new con-
s t r u c t i o n
----  C h a n g e  g a b l e d  r o o f s  to a hipped roof  c o n f i g u r a ­
t i o n  .
----  In crease  the p i t c h  of  the r o o f ,  i f  n e c e s s a r y .
----- P l a c e  d iagona l  braces  on top of  the frame at each
corner to t i e  the w a l l s  t o g e t h e r .
----- A n c h o r  t h e  s t r u c t u r e  s e c u r e l y .  I f  p i e r s  are
u s e d ,  a n c h o r i n g  d e v i c e s  should  be i n s t a l l e d .  I f  
wood p a n e l s  a r e  b o l t e d  to the f o u n d a t io n ,  s t e e l  
w a s h e r s  s h o u l d  be placed between the nut and the 
wood frame.
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I f  t h e s e  r e c o m m e n d a t i o n s  a r e  c a r r i e d  o u t ,  t h e  w in d  
r e s i s t a n c e  of t h i s  type of s t r u c t u r e  w i l l  be s u b s t a n t i a l l y  
i n c r e a s e d .  I f  proper ly  b u i l t ,  wood panel b u i l d i n g s  provide  
moderate s a f e t y  in h u r r i c a n e s .
7 . M o d i f i c a t i o n s  f o r  Earthquake R e s i s t a n c e : The earthquake
r e s i s t a n c e  o f  wood p a n e l  h o u s i n g  i s  very good and, by 
f o l l o w i n g  the s u g g e s t i o n s  above,  the margin of s a f e t y  w i l l  
be i n c r e a s e d .  The o n l y  major type of damage that  should  
o c c u r  i n  an e a r th q u a k e  would be c o l l a p s e  of  s t r u c t u r e s  on 
p i e r s  d u e  t o  f a i l u r e  of  the c o n n e c t io n s  between the p i e r s  
and the b u i l d i n g  frame.
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iE. Concrete  Block C o n s tru c t io n
I f  p r o p e r l y  b u i l t ,  a c o n c r e t e  b lock  house can withs tand  the  
f o r c e s  o f  both earthquakes and windstorms and i s  a s a f e  form of  
c o n s t r u c t i o n .  I f  improperly b u i l t  and r e i n f o r c e d ,  t h i s  type of  
c o n s t r u c t i o n  i s  very dangerous.
1.  C o n s t r u c t i o n ; The s t r e n g t h  of  a b lock  house depends on 
t h e  a m o u n t  o f  r e in fo r c e m e n t  at  the c o r n e r s ,  the amount of  
v e r t i c a l  and h o r i z o n t a l  r e i n f o r c i n g  in the w a l l s ,  the  
s t r e n g t h  o f  t h e  f o u n d a t i o n ,  and w h e t h e r  the house i s  
p r o p e r l y  b a l a n c e d .  I d e a l l y ,  r e i n f o r c i n g  rods are placed  
v e r t i c a l l y  in  the corners  and w a l l s  at no more than 18- inch  
i n t e r v a l s .  At the top of  the w a l l s  a r ing  beam i s  made of  
poured c o n c r e t e .
I n  t h e  Cook  I s l a n d s ,  foundat ion s  are made by cementing a 
c o u r s e  o f  b l o c k s  s l i g h t l y  below ground on which the w a l l s  
r e s t .  T h i s  type of foundat ion  i s  c o n s id e r e d  very weak and 
l e a d s  to  d i f f e r e n t i a l  s e t t l i n g ,  which in turn causes  cracks  
which weaken the w a l l s .
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2 P r o b l e m s  i n  M a s o n r y  C o n s t r u c t i o n : The  
m a s o n r y  i s  a f u n c t i o n  of  the al ignment of  
v e r t i c a l l y  and h o r i z o n t a l l y ) ,  the s t r e n g th  
and t h e  s t r e n g t h  o f  the b l o c k s .  A number 
been noted in the Cook I s l a n d s ,  in c l u d i n g :
s t r e n g t h  o f  
the w a l l  (both  
of  the mortar,  
of  f a u l t s  have
a .  P o o r - q u a l i t y  b l o c k s : T h i s  i s  u s u a l l y  a r e s u l t  of
l a c k  o f  q u a l i t y  c o n t r o l  in  the l o c a l  f a b r i c a t i o n  of  
the b l o c k s .
b.  P o o r  m o r t a r : T h e r e  i s  o f t e n  a tendency to reduce
c o s t s  o f  t h e  m ortar  by u s in g  l e s s  cement in  the mix.  
T h i s  r e d u c e s  t h e  s t r e n g t h  o f  th e  bond. L ik e w is e ,  
t h e r e  i s  a t e n d e n c y  t o  make t h e  mortar too wet in  
o r d e r  to  make i t  more p l i a b l e  and e a s i e r  to work w i t h .  
This too reduces  bonding s t r e n g t h .
c .  P o o r  c o n c r e t e  m i x  i n  t h e  s t r u c t u r a l  c o lu m n s  and 
b u i l d i n g  p i e r s .
d.  P o o r  c o n n e c t i o n s  b e t w e e n  i n t e r i o r  and e x t e r i o r  
w a l l s .  U s u a l l y  the w a l l s  are only  cemented to g e th e r  
w i t h  b u t t  j o i n t s  r a t h e r  t h a n  u s i n g  i n t e r l o c k i n g  
m a s o n r y  o r  t y i n g  t h e  i n t e r i o r  w a l l  to  the e x t e r i o r  
w a l l  with t i e  rods l a i d  between the b lock  c o u r s e s .
e .  I n s u f f i c i e n t  mortar between b l o c k s .
f .  Un leve l  masonry on each c o u r s e .
g- I n s u f f i c i e n t  r e i n f o r c e m e n t  i n  i n s u f f i c i e n t  use of  rebars placed
poured columns,  and 
i n s i d e  b lock  w a l l s .
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h .  P o o r  d e t a i l i n g  in  c o r n e r s .  Many w a l l s ,  for  example,  
have no rebars at the corner  or only one p i n .
i . Improper or i n s u f f i c i e n t  f o u n d a t i o n s .
j . E x c e s s i v e  s p a n s  and q u e s t i o n a b l e  d e t a i l i n g  o f  
l i n t e l s  above windows.
3.  R o o f  : The r o o f s  o f  m o s t  c o n c r e t e  b l o c k  houses  in  the
C o o k s  a r e  c o v e r e d  w i t h  C . I .  s h e e t s .  The s h e e t s  are  
a t t a c h e d  to wood p u r l i n s  which are fa s te n e d  to t r u s s e s  h e ld  
on t h e  w a l l s  i n  two ways.  In the f i r s t ,  a p o r t io n  of  the  
s t e e l  r o d s  u s e d  i n  t h e  r e i n f o r c i n g  columns i s  l e f t  pro­
t r u d i n g  out of  the r ing  beam. A board p l a t e  i s  l a i d  on top  
o f  t h e  beam w i t h  a h o l e  d r i l l e d  f o r  t h e  r o d  t o  pass  
t h r o u g h .  The rod i s  bent over to ho ld  the p l a t e  down. The 
roof  t r u s s e s  are then a t ta c h e d  to the p l a t e .
I n  t h e  second method,  b o l t s  are imbedded in the cement when 
t h e  r i n g  beam i s  p o u r e d .  The p l a t e  i s  then a t ta ch ed  by 
b o l t i n g  i t  d o w n .  Of t h e  two  m e t h o d s ,  t h i s  l a t t e r  i s  
s t r o n g e r ,  e s p e c i a l l y  i f  washers are used between the wood 
and the n u t .
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R o o f s  u s e  " s h e d "  ( f l a t ,  s l o p i n g  r o o f ) ,  gabled  and hipped  
c o n f i g u r a t i o n s .
4 .  S i z e : C o n c r e t e  b l o c k  houses  vary in  s i z e .  The s m a l l e s t
a r e  a p p r o x i m a t e l y  12 x 20 f e e t ,  with the average being  
approximate ly  15 x 30 f e e t .
5.  V u l n e r a b i  1 i  t y  : The p r i n c i p a l  damages to c o n c r e t e  block
h o u s e s  o b s e r v e d  a f t e r  r ecen t  h u r r ic a n e s  were s e p a r a t io n  of  
t h e  r o o f  f r o m  t h e  w a l l s  (due to a poor c o n n e c t io n  of  the 
r o o f  f r a m e  to the w a l l s )  and, in some c a s e s ,  damage caused  
by t h e  w i n d  p u s h i n g  a g a i n s t  an u n r e i n f o r c e d  or poorly  
r e i n f o r c e d  w a l l ,  c a u s i n g  c o l l a p s e  due to e x c e s s i v e  wind 
pressure  on the outer  su r f a c e  o f  the w a l l .
In  c a s e s  w h e r e  h o u s e s  u s e  l o u v e r e d  windows, e x c e s s i v e  
p r e s s u r e  c a n  b u i l d  up i n s i d e  the h ou se ,  u s u a l l y  r e s u l t i n g  
i n  l o s s  o f  the r o o f .  E x p lo s io n s  occur only  to  very poorly  
b u i l t  s t r u c t u r e s .
6 .  O t h e r  Weak P o i n t s : Many b lo c k  houses  in  the Cooks have
l a r g e  o v e r h a n g i n g  e a v e s .  In high winds,  the eaves trap  
e x c e s s i v e  amounts of wind underneath,  c r e a t i n g  u p l i f t  under 
t h e  e d g e  o f  t h e  r o o f  and t h e r e b y  c o n t r i b u t i n g  to roof  
damage or l o s s .
7.  M o d i f i c a t i o n s  f o r  Wind R e s i s t a n c e : In order to  improve
t h e  s t r u c t u r a l  p e r f o r m a n c e  of  c o n c r e t e  b lock  hous ing  in  
high winds ,  the f o l l o w i n g  a c t i o n s  are recommended:
a . Emergency measures
----- U se  m o r e ,  and l o n g e r ,  n a i l s  to a t t a c h  the C . I .
s h e e t s  to the roof  frame.
----- Seal  the eaves of  the r o o f .
----- F a s t e n  the wooden roof  t r u s s  more s e c u r e l y  to  the
r i n g  beam o f  the w a l l s  by using  h u rr ica n e  f a s t e n ­
e r s  or  s t r a p s  on e a c h  c o n n e c t io n  ( s e e  Appendix 
IV ) .
b . M e a s u r e s  f o r  p r o g r e s s i v e  upgrading an d/or  new con-
s t r u c t i o n
----  C o n v e r t  s h e d  or  g a b l e d  r o o f s  to  a hipped roof
c o n f i g u r a t i o n .
----  Use a roof  p i t c h  between 3 0 - 4 0 ° .
----- Reduce roof  overh an gs .
40
I f  t h e  recommendations o u t l i n e d  above are incorporated  in t o  
t h e  d e s i g n  of  c o n c r e t e  b lock  h o u s e s ,  the wind r e s i s t a n c e  of  
t h e s e  s t r u c t u r e s  w i l l  be e x c e l l e n t  and only minor damage 
should occur in windstorms.
8.  M o d i f i c a t i o n s  f o r  E a r t h q u a k e  R e s i s t a n c e : The recommen­
d a t i o n s  a b o v e  a l s o  a p p l y  t o  c o n s t r u c t i o n  of  earthquake  
r e s i s t a n t  h o u s i n g .  In  order to  be earthquake r e s i s t a n t ,  
columns and r in g  beams should be fu r t h e r  r e i n f o r c e d .
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V. VULNERABILITY REDUCTION STRATEGIES
V u l n e r a b i l i t y  r e d u c t io n  measures in c lu d e  three  types of  a c t i v i ­
t i e s :  e m erg en cy  measures to  p r o t e c t  e x i s t i n g  b u i l d i n g s ;  p r o g r e s s i v e
u p g r a d i n g  f o r  e x i s t i n g  b u i l d i n g s ;  and improved d e s ig n  and c o n s t r u c ­
t i o n  o f  new b u i l d i n g s .  Due to the c o n t in u in g  high  p r i c e  of  new con­
s t r u c t i o n  and t h e  d i f f i c u l t i e s  o f  m od i fy in g  e x i s t i n g  b u i l d i n g s ,  
p r i o r i t y  should be g iv en  to emergency measures and to i n f l u e n c i n g  the  
d e s ig n  and c o n s t r u c t i o n  of  new h o u s e s .
EMERGENCY MEASURES
E m e r g e n c y  m e a s u r e s  are immediate a c t i o n s  taken to provide  pro­
t e c t i o n  f r o m  an im m inent  danger such as a hu rr ican e ;  they focus on 
a c t i o n s  t o  e n s u r e  p e o p l e ' s  s a f e t y .  In the Cook I s l a n d s ,  a c t i o n s  to  
p r o t e c t  t h o s e  l i v i n g  in t r a d i t i o n a l  and t r a n s i t i o n a l  hous ing should  
be emphasized.
T h o r o u g h  p l a n n i n g  and p r e p a r a t i o n  ar e  required  in order to  
e f f e c t i v e l y  d i s s e m i n a t e  the required  in form at ion  when a d i s a s t e r  i s  
i m m i n e n t .  Preparedness  planning in the housing  s e c t o r  should be part  
o f  a c o m p r e h e n s i v e  s t r a t e g y  in c lu d in g  h o u s in g ,  e v a c u a t io n  and, i f  
n e c e s s a r y ,  emergency s h e l t e r .
The requirements  fo r  p lanning  comprehensive emergency a c t i v i t i e s
a r e :
A. I d e n t i f i c a t i o n  o f  e m e r g e n c y  m e a s u r e s  t o  p r o t e c t  
b u i l d i n g s  . T h i s  i n c l u d e s  the measures that  can be taken  
on s h o r t  n o t i c e  to save l i v e s ,  p r o t e c t  b u i l d i n g s  and reduce  
d a m a g e .  Some emergency measures to  p r o t e c t  b u i l d i n g s  are  
i l l u s t r a t e d  in  Appendix I I .
B. D e v e l o p m e n t  o f  a p l a n  t o  d i s s e m i n a t e  w a r n i n g s  and  
i n f o r m a t  i o n . T h i s  i n c l u d e s  a r e v i e w  of  the a c t i v i t i e s  
r e q u i r e d ,  the o r g a n i z a t i o n s  that  w i l l  p a r t i c i p a t e ,  and the 
t o o l s  and  equipment n e c e s s a r y ,  as w e l l  as form ula t ion  of  a 
compre- h e n s iv e  plan for  d i s s e m i n a t i o n  of  warnings.
C. I d e n t i f i c a t i o n  o f  p u b l i c  i n f o r m a t i o n  r e q u i r m e n t s . A 
v a r i e t y  o f  m e d i a  i s  requ ired  in order to  d i s s e m in a t e  the  
i n f o r m a t i o n  thoroughly  i n c lu d in g  l e a f l e t s ,  p o s t e r s ,  p r e r e ­
c o r d e d  r a d i o  announcements ,  newspaper i n s e r t s  and s u p p le ­
m e n t s .  T h e s e  m u s t  be  d e s i g n e d  to show how to p r o t e c t  a 
h o u s e ,  reduce damage from blowing d e b r i s ,  and reduce in ju ry  
i n  c a s e  a b u i l d i n g  f a i l s .  I n f o r m a t i o n  should  a l s o  be 
a v a i l a b l e  to  enable  homeowners to determine i f  t h e i r  houses  
a r e  t h r e a t e n e d  by f l o o d s ,  storm surges or tsunamis,  and 
w h e t h e r  they  should  e v a c u a t e .  For th o se  who w i l l  e v a c u a te ,  
an e v a c u a t i o n  plan i s  r e q u ir e d ,  and maps showing e v a cu a t io n
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r o u t e s  m u s t  be  p r e p a r e d  and d i s sem in a ted  to appropr ia te  
o r g a n i z a t i o n s  and news media.  While i t  i s  not n e c e s s a r y  to  
p r e p a r e  an e l a b o r a t e  p l a n  (due to the small  s i z e  of  the  
i s l a n d s ) ,  b a s ic  in form at ion  must be prepared in advance and 
p r e - p o s  i  t i o n e d  . In some c a s e s ,  s h e l t e r s  for evacuees may 
be r e q u i r e d ,  and they must be d e s ig n a t e d  and st rengthened  
in  advance.
D. T r a i n i n g  and  t e c h n i c a l  a s s i s t a n c e  f o r  l o c a l  emergency 
r e l i e f  o f f i c i a l s  and o r g a n i z a t i o n s . Not only  must i n f o r ­
m a t i o n  on how to p r o t e c t  houses  be d i s t r i b u t e d  in advance,  
b u t  a l s o  a s u f f i c i e n t  number of  people  must be acquainted  
with how to use the t e c h n i q u e s .
E. I n f o r m a t i o n  d i s s e m i n a t i o n  mechanisms. The most e f f e c t i v e  
m ean s  o f  c o m m u n i c a t i n g  i n f o r m a t i o n  on p r o t e c t i o n  of  
b u i l d i n g s  i s  t h r o u g h  v i s u a l  media. To a l i m i t e d  e x t e n t ,  
n e w s p a p e r s  c a n  be  h e l p f u l  in  d i s s e m i n a t i n g  t h i s  informa­
t i o n .  More c o m p r e h e n s iv e  in form at ion  w i l l  r e q u ir e  h i g h l y  
i l l u s t r a t e d  b o o k le t s  and l e a f l e t s .  A system for d i s t r i b u t ­
i n g  t h i s  i n f o r m a t i o n  must be e s t a b l i s h e d  in  advance,  and 
t h e  m a t e r i a l s  f o r  d i s t r i b u t i o n  must be p r e - p o s i t i o n e d  for  
r a p i d  d i s t r i b u t i o n  to t h e s e  o u t l e t s  pr ior  to the occurrence  
of  a d i s a s t e r .
O v e r a l l  r e s p o n s i b i l i t y  for  implementation  of  sh o r t - t e r m  a c t i v i ­
t i e s  i s  n o r m a l l y  a s s i g n e d  t o  a governm ent  d i s a s t e r  preparedness  
a g e n c y  o r  c o m m i t t e e .  In the Cooks,  r e s p o n s i b i l i t y  i s  shared among 
s e v e r a l  m i n i s t r i e s ,  but comprehensive preparedness  measures have not  
y e t  been  d e v e lo p e d .  Tonga's  e x p e r i e n c e  wi th Cyclone Isaac  could  pro­
v id e  some v a l u a b l e  l e s s o n s .
PROGRESSIVE UPGRADING
The o v e r a l l  o b j e c t i v e  of  p r o g r e s s i v e  upgrading i s  to  s t r e n g th e n  
e x i s t i n g  h o u s i n g  t o  b e t t e r  w i t h s t a n d  a hurr icane  or earthquake .  
A c t i o n s  focus on a c t i v i t i e s  which can be c a r r i e d  out by the homeowner 
w i t h  m i n i m a l  f i n a n c i a l  and  t e c h n i c a l  a s s i s t a n c e ,  and which do not  
r e q u i r e  e x t e n s i v e  r e c o n s t r u c t i o n  or m o d i f i c a t i o n  of  the e x i s t i n g  
b u i l d i n g .  I t  s h o u l d  be  emphasized  th at  the m a jo r i ty  of  o ld e r  and 
t r a d i t i o n a l  b u i l d i n g s  cannot be ec o n o m ic a l ly  upgraded,  so a c t i v i t i e s  
should  c o n c e n t r a t e  on newer,  more modern h o u s in g .
Examples of  p r o g r e s s i v e  upgrading measures are:
----- Changing the c o n f i g u r a t i o n  of  a r o o f .
----- Reducing roof  overhangs.
----  S e a l in g  the e a v e s .
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----  Adding storm s h u t t e r s .
----- I n s t a l l i n g  or i n c r e a s i n g  hurr icane  s t r a p s  in the r o o f .
----- I n s t a l l i n g  breakaway verandas .
----- I n s t a l l i n g  braces  in w a l l s  and c o r n e r s .
----- Improving fo u n d a t io n s .
----  Replac ing  d e t e r i o r a t e d  wood.
----- I n c r e a s in g  the number of  w a l l - t o - g r o u n d  c o n n e c t i o n s .
----- R e p l a c i n g  s h o r t  p i e r s  w i t h  l o n g e r  p i e r s  that  have
b u i l t - i n  anchoring d e v i c e s .
The o b j e c t i v e  of  upgrading i s  to  reduce the need for replacement  
h o u s i n g  a f t e r  a d i s a s t e r .  To e n c o u r a g e  owners to upgrade t h e i r  
b u i l d i n g s ,  the measures should a l s o  improve l i v a b i l i t y  and/or reduce  
c o s t s  of  maintenance and o p e r a t i o n .
P r o g r e s s i v e  u p g r a d i n g  r e q u ir e s  a comprehensive approach and a 
s t r o n g ,  l o n g - t e r m  commitment. The government should  f i r s t  deve lop  a 
p o l i c y  t o  g u i d e  t h e  a c t i v i t i e s  and an app rop r ia te  framework for  
i m p l e m e n t a t i o n .  In  a d d i t i o n ,  a government agency should be d e s i g ­
nated to se rve  as c o o r d i n a t o r .
A. R e q u i r e m e n t s  : In  o r d e r  to encourage people  to  carry out
h o u s i n g  u p g r a d i n g  and m o d i f i c a t i o n ,  the f o l l o w i n g  are r e ­
quired :
1. B u i l d i n g  P e r f o r m a n c e  S tan d ard s . To prov ide a frame­
w ork  for determining  which a c t i o n s  are a ppropr ia te  for  
t h e  u p g r a d i n g  of  d i f f e r e n t  types of s t r u c t u r e s ,  m in i ­
mum b u i l d i n g  s ta n d a r d s  based on b u i l d i n g  performance  
and e m p h a s i z i n g  t h e  s a f e t y  o f  occupants  should be 
d e v e l o p e d  by the government for a l l  types of  lo w -c o s t  
h o u s i n g .  T h e s e  w i l l  provide  c r i t e r i a  that  f i n a n c i a l  
i n s t i t u t i o n s  c a n  use to determine which improvements 
c a n  be  fu n d e d  by lo a n s ,  and w i l l  h e lp  to i d e n t i f y  the  
c r i t i c a l  components and f e a t u r e s  of  a d i s a s t e r  r e s i s ­
tant  b u i l d i n g  for  each housing  ty p e .
The New Zealand B u i ld in g  Code can be used for c e r t a i n  
t y p e s  of  c o n s t r u c t i o n  but enforcement beyond Rarotonga  
i s  m in im a l .  Furthermore, t r a n s i t i o n a l  and t r a d i t i o n a l  
b u i l d i n g s  are not covered and enforcement of  the e x i s ­
t i n g  c o d e  on t h e s e  types of  b u i l d i n g s  i s  not p r a c t i ­
c a l .  F o r  t h e  p u r p o s e s  o f  p r o v i d i n g  s a f e t y ,  i t  i s
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r e c o m m e n d e d  t h a t  t h e  New Zealand code be s i m p l i f i e d  
and t h a t  b a s i c  minimal standards for  s a f e t y  be e s t a b ­
l i s h e d  .
2 .  F i n a n c i a l  A s s i s t a n c e  o r  O t h e r  I n c e n t i v e s . Some 
f a m i l i e s  w i l l  r e q u i r e  f i n a n c i a l  a s s i s t a n c e  f o r  
u p g r a d i n g  t h e i r  h o u s e s .  The g o v e r n m e n t  s h o u l d  
e n c o u r a g e  l e n d in g  i n s t i t u t i o n s  to  expand e x i s t i n g  loan  
p r o g r a m s  t o  a c c o m m o d a t e  f a m i l i e s  w ish ing  to improve 
t h e i r  h o u s e s  i n  accordance wi th  the s a f e t y  standards  
mentioned above.
3.  I n f o r m a  t i  on . In  o r d e r  t o  both encourage and guide  
p r o g r e s s i v e  u p g r a d i n g ,  a v a r i e t y  of  in form at ion  i s  
needed in c l u d i n g :
a.  I n f o r m a t i o n  a b o u t  how to  d e c id e  what m o d i f i c a ­
t i o n s  are requ ired  and p r a c t i c a l .
b.  Information  on where to o b t a in  a s s i s t a n c e .
c .  A v a r i e t y  o f  m e d i a ,  e s p e c i a l l y  f i l m s  and h i g h l y  
i l l u s t r a t e d  b o o k l e t s ,  to prov ide  d e t a i l e d  "how to  
do i t "  in fo r m a t io n .
To h e l p  homeowners determine  whether they  need to up­
g r a d e  t h e i r  homes, and what tech n iq u es  would be prac­
t i c a l ,  a s imple  "home t e s t "  should  be d e v i s e d  and d i s ­
s e m i n a t e d .  T h i s  t e s t  would use a numerical  grading  
s y s t e m  t o  h e lp  determine  how s a f e  the b u i l d i n g  i s  and 
w o u l d  show  t h e  homeowner how v u l n e r a b i l i t y  cou ld  be 
r e d u c e d  through the a d d i t i o n  of  c e r t a i n  components or 
f e a t u r e s .
4 .  T e c h n i c a l  A s s i s t a n c e . M ost  people  upgrading t h e i r  
h o u s e s  w i l l  do s o  on a s e l f - h e l p  b a s i s .  To ensure  
t h a t  u p g r a d i n g  i s  c a r r i e d  out in  a c o r r e c t  manner, 
t e c h n i c a l  a s s i s t a n c e  in  the  form of  ad v ice  and demon­
s t r a t i o n s  should  be r e a d i l y  a v a i l a b l e  on a l l  i s l a n d s .
5.  D e v e l o p m e n t  o f  L o c a l  S k i l l s . Many housing  improve­
m en t  measures and tech n iq u es  w i l l  r e q u ir e  the service*,  
o f  c o n t r a c t o r s .  I t  i s  important  that  the government  
p r o v i d e  t r a i n i n g  t o  c o n t r a c t o r s  to  enable  them to  
p a r t i c i p a t e  i n  h o u s i n g  i m p r o v e m e n t  a c t i v i t i e s .  A 
c e r t i f i c a t i o n  program for  c o n t r a c t o r s  would be a means 
o f  improv ing the s k i l l  l e v e l ,  as w e l l  as ensur ing  that  
an adequate r e s e r v o i r  of  t a l e n t  i s  d e v e lo p e d .
B. C o o r d i n a t i o n  and I m p l e m e n t a t i o n : O vera l l  r e s p o n s i b i l i t y
f o r  i m p l e m e n t a t i o n  o f  t h e  u p g r a d i n g  of  e x i s t i n g  houses  
s h o u l d  be  a s s i g n e d  t o  a s i n g l e  a g e n c y .  P o s s i b i l i t i e s
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i n c l u d e  t h e  P u b l i c  Works D e p a r t m e n t  or  Department of  
Development P la n n in g .
C. F i n a n c i a l  A s s i s t a n c e : New approaches should be developed
f o r  t h e  p r o v i s i o n  of  f i n a n c i a l  a s s i s t a n c e  to homeowners for  
t h e  u p g r a d i n g  o f  t h e i r  homes. The f in a n c in g  i n s t i t u t i o n s  
i n  t h e  C o o k s  s h o u l d  be encouraged to deve lop s p e c i a l  pro­
gram s  t h a t  w o u l d  e n a b l e  more people  to p a r t i c i p a t e .  So 
t h a t  a g r e a t e r  num ber  o f  p e o p l e  may be  s e r v e d ,  t h e  
e l i g i b i l i t y  c r i t e r i a  for  small  loans should be expanded.  
T h i s  may r e q u i r e  l o a n  g u a r a n t e e s  from the government or 
o t h e r  i n s t i t u t i o n s .  Loans would be provided only for  those  
i m p r o v e m e n t s  s p e c i f i e d  in the r e v i s e d  b u i l d i n g  s tan d ard s .  
For  p e r s o n s  u n a b l e  t o  o b t a i n  t h e s e  l o a n s ,  a l t e r n a t i v e  
p r o g r a m s  where they can o b ta in  easy  a c c e s s  to m a t e r i a l s  or 
small  loans from other  i n s t i t u t i o n s  should be d ev e lo p ed .
D. T e c h n i c a l  A s s i s t a n c e : Some p r o v i s i o n s  for  making t e c h ­
n i c a l  a s s i s t a n c e  a v a i l a b l e  on a permanent b a s i s  should be 
e s t a b l i s h e d .  One method that  could  be t r i e d  would be to  
t r a i n  s t a f f  o f  t h e  P u b l i c  Works Department as b u i l d i n g  
i n s  p e c  t o r /  i  ns  t r uc t o r s t o  w o rk  with people  b u i ld in g  new 
h o u s i n g  and u p g r a d i n g  e x i s t i n g  h o m e s .  The i n s p e c t o r /  
i n s t r u c t o r s  w o u l d  n o t  only  prov ide a dv ice  but would a l s o  
w ork  w i t h  l o c a l  c o n t r a c t o r s  to t r a i n  and encourage them to  
p a r t i c i p a t e .  The i n s  p e c t o r / i n s t r u c t c r s  would mainta in  a 
l i s t  of  c e r t i f i e d  c o n t r a c t o r s  and h e lp  homeowners determine  
w h a t  i m p r o v e m e n t s  a r e  n e c e s s a r y  or p r a c t i c a l ,  as w e l l  as 
h e l p i n g  them to o b t a in  the appropr ia te  f i n a n c i a l  and t e c h ­
n i c a l  a s s i s t a n c e  r e q u ir e d .
E. T e c h n i c a l  I n f o r m a t i o n  R e s o u r c e s : At the present  t ime,
t h e r e  i s  no s i n g l e  r e p o s i t o r y  fo r  in form at ion  regarding  
l o w - c o s t  h o u s i n g  or the tech n iq u es  and s k i l l s  requ ired to  
m a i n t a i n  and u p g r a d e  h o u s i n g .  The g o v e r n m e n t  should  
e s t a b l i s h  s m a l l  r e f e r e n c e  l i b r a r i e s  on each i s l a n d  and 
d e s i g n a t e  p e r s o n n e l  f r o m  P u b l i c  Works to a s s i s t  house­
b u i l d e r s  and demonstrate  s a f e  c o n s t r u c t i o n  t e c h n i q u e s .
A n a t i o n a l  h o u s i n g  r e f e r e n c e  l i b r a r y  that  would be u s e f u l  
t o  a r c h i t e c t s ,  e n g i n e e r s ,  p l a n n e r s ,  b u i l d e r s ,  p u b l ic  o f f i ­
c i a l s ,  m a t e r i a l  s u p p l i e r s ,  o r  anyone i n t e r e s t e d  in any 
a s p e c t  o f  b u i l d i n g  c o n s t r u c t i o n  and human s e t t l e m e n t s  
s h o u l d  be  e s t a b l i s h e d  a t  R a r o t o n g a .  I t  i s  e s p e c i a l l y  
i m p o r t a n t  t h a t  d a t a  be deve loped concerning  h i s t o r i c  and 
v ernacu lar  c o n s t r u c t i o n .
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IMPROVED DESIGN AND CONSTRUCTION OF NEW BUILDINGS
I m p r o v e d  d e s i g n  and c o n s t r u c t i o n  f o c u s e s  on ensu r ing  the s a f e t y  
o f  new h o u s i n g  by en c o u r a g in g  b u i l d e r s  to in co rp o ra te  d i s a s t e r  r e ­
s i s t a n t  f e a t u r e s  i n  b u i l d i n g s  as they are e r e c t e d .  This r e q u ir e s  
c r e a t i n g  an a w a r e n e s s  o f  t h e  n e e d  t o  add t h e s e  f e a t u r e s  and the  
d e v e l o p m e n t  of a r e s e r v o i r  of t a l e n t  and p ubl ic  in form at ion  on how to  
b u i l d  s a f e l y .
The m e t h o d s  u s e d  to make new b u i l d i n g s  s trong  are o f t e n  s imple  
and e a s y  t o  do,  and u s u a l l y  add l i t t l e ,  i f  any,  ex tr a  c o s t  when they  
a r e  r o u t i n e l y  i n c o r p o r a t e d  in t o  the b u i l d i n g  during c o n s t r u c t i o n .  
Design changes i n c lu d e :
----  Changes in b u i l d i n g  c o n f i g u r a t i o n .
----- Changes in  b u i l d i n g  l a y o u t .
----  Changes in roof  c o n f i g u r a t i o n .
----  Changes in roof  p i t c h .
----  C h a n g e s  i n  b a l a n c e  ( i . e .  d e s ig n in g  the b u i l d i n g s  so
that  p a r a l l e l  w a l l s  are roughly equal  in w e i g h t ) .
----  C h a n g e s  i n  t h e  b u i l d i n g  d e s i g n  s p e c i f i c a t i o n s  or
l a y o u t  w h i c h  i n c r e a s e  s t r e n g t h  and d u r a b i l i t y  and/or  
f a c i l i t a t e  r e i n f o r c i n g .
----  M o d i f y i n g  c e r t a i n  d e t a i l s  to in c r e a s e  s t r e n g th  ( e . g .
w a l l  c o n n e c t i o n s ,  r o o f - t o - w a l l  c o n n e c t i o n s ,  
r e i n f o r c i n g  and b r a c e s ) .
----  Changes in  d e s ig n  of  foundat ion s  and f o o t i n g s .
C o n s tr u c t io n  improvements in c lu d e :
----- I m p r o v e d  q u a l i t y  of workmanship. By s imply improving
d e t a i l i n g  s u c h  as n a i l i n g ,  p l a n i n g ,  squaring j o i n t s ,  
e t c . ,  s t r e n g t h  can be added to important  components.
----- I m p r o v e d  u s e  o f  b u i l d i n g  m a t e r i a l s .  Changing the
m an n e r  in  which m a t e r i a l s  are used ,  or using  a c e r t a i n  
component in another p l a c e ,  can improve a b u i l d i n g .
----  Increased  use of  r e i n f o r c i n g  m a t e r i a l s  and components.
----- U s e  o f  b e t t e r - q u a l i t y  m a t e r i a l s .  Strength  can o f t e n
be  i n c r e a s e d  by c h o o s i n g  m a t e r i a l s  with s t r o n g e r  or 
more d u r a b l e  p r o p e r t i e s .  Cement and s t e e l  are two 
good e x a m p les .
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Improved q u a l i t y  c o n t r o l .
A. R e q u i r e m e n t s  and Informat ion R e s o u r c e s : The requirements
and in fo r m a t io n  resou rces  for improvement of  new houses  are 
e s s e n t i a l l y  the same as for  p r o g r e s s i v e  upgrading,  although  
e m p h a s i s  i s  on a f f e c t i n g  c o n s t r u c t i o n  b e fo r e  and during the 
b u i l d i n g  p r o c e s s .
b.  C o o r d  i n a t  i o n  : R e s p o n s i b i l i t y  for e f f e c t i n g  improvements
i n  new c o n s t r u c t i o n  should be a s s ig n e d  to the M in is try  of  
Works .
C. I n c  en t i v e  s : The most e f f e c t i v e  way to encourage improve­
m en t  o f  new b u i l d i n g  c o n s t r u c t i o n  i s  by o f f e r i n g  in creased  
f i n a n c i a l  a s s i s t a n c e  to homeowners on the c o n d i t i o n  that  
d i s a s t e r  r e s i s t a n t  c o n s t r u c t i o n  techn iques  be used .  In 
o r d e r  t o  a f f e c t  a l l  types of  h o u s in g ,  the government must 
r e c o g n i z e  the need to prov ide  f i n a n c i a l  a s s i s t a n c e  to those  
b u i l d i n g  o u t s i d e  t h e  f o r m a l  c o n s t r u c t i o n  process  and 
e n c o u r a g e  l o c a l  l e n d i n g  i n s t i t u t i o n s  to prov ide l i m i t e d  
funds to  t h e s e  f a m i l i e s .
D. T e c h n i c a l  A s s i s t a n c e : A more  c o m p r e h e n s i v e  range of
t e c h n i c a l  a s s i s t a n c e  and in form at ion  i s  requ ired  to e f f e c t  
i m p r o v e m e n t  i n  new c o n s t r u c t i o n .  I n i t i a l  emphasis should  
be g i v e n  t o  c o n c r e t e  b l o c k  and wood p a n e l  b u i l d i n g s .  
P r o v i s i o n  o f  t e c h n i c a l  a s s i s t a n c e  i s  e s p e c i a l l y  important  
on t h e  o u t e r  i s l a n d s  because  there  w i l l  be more s e l f - h e l p  
c o n s t r u c t i o n  i n  t h e s e  a r e a s .  In Rarotonga and the more 
a d v a n c e d  i s l a n d s ,  s p e c i a l  e m p h a s i s  should  be p laced  on 
t r a i n i n g  c o n t r a c t o r s .  S i m p l i f i e d  plans and drawings should  
be d e v e l o p e d  f o r  f a m i l i e s  t o  e n a b le  them to b u i l d  sa fe  
c o n cre te  b lock  and wood panel  b u i l d i n g s .
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VI. RECOMMENDATIONS FOR
COMPREHENSIVE VULNERABILITY REDUCTION
ACTIVITIES
The f o l l o w i n g  a c t i v i t i e s  should  be c a r r i e d  out to i n i t i a t e  and 
c o o r d in a te  v u l n e r a b i l i t y  r e d u c t io n :
A. D e s ig n a te  a c o o r d i n a t i n g  a g e n c y .
B. E s t a b l i s h  a c o o r d i n a t i n g  c o m m i t t e e  to  c o o r d in a te  t e c h ­
n i c a l  a s s i s t a n c e  and o t h e r  i n p u t s  f r o m  t h e  d i f f e r e n t  
g o v e r n m e n t  and p r i v a t e  a g e n c i e s .  Members should inc lude  
t h e  M i n i s t r y  of  Works, Development Plann ing O f f i c e ,  M in is ­
t r y  o f  Economic Development,  Development Bank and i n t e r e s ­
ted f o r e i g n  a g e n c ie s  p a r t i c i p a t i n g  in development programs.
C. R e v i s e  and s i m p l i f y  the New Zealand B u i ld in g  Code and pre­
p a r e  minimum p e r f o r m a n c e  and s a f e t y  standards for  a l l  
types  of  l o w - c o s t  h o u s in g .
D. P r e p a r e  a c o m p r e h e n s i v e  s e t  o f  i n s t r u c t i o n a l  m a t e r i a l s  
i n c l u d i n g  m a t e r i a l s  f o r  t r a i n i n g  c o n t r a c t o r s  and home­
b u i l d e r s ,  and g en era l  p u b l ic  in form at ion  m a t e r i a l s  to pro­
m o t e  v u l n e r a b i l i t y  r e d u c t i o n .  (A l i s t  of  t h e s e  m a t e r i a l s  
i s  a t ta ch ed  as Appendix I . )
E. C o n d u c t  p e r i o d i c  workshops fo r  h o u s e b u i ld e r s  and c o n t r a c ­
t o r s  i n  a l l  p a r t s  of  the c o u n tr y .  Tra in ing  should s t r e s s  
b o t h  how t o  m o d i f y  e x i s t i n g  b u i l d i n g s  and how to b u i ld  
s a f e r  new b u i l d i n g s .
FINANCIAL STRATEGIES
In  o r d e r  t o  make h o u s i n g  improvements a f f o r d a b l e ,  a number of  
c o s t  r e d u c t i o n  s t r a t e g i e s  and i n c e n t i v e s  s h o u l d  be  e x p lo r e d ,  
i n c l u d i n g :
A. C o s t  R e d u c t i o n s : In  o r d e r  t o  e n a b l e  some f a m i l i e s  to
p a r t i c i p a t e ,  the c o s t  of  m a t e r i a l s  may have to  be reduced.  
P r o g r a m  i m p l e m e n t e r s  shou ld  i d e n t i f y  those  m a t e r i a l s  that  
a r e  c r i t i c a l  and r e q u ir e  a d e c r e a se  in c o s t ,  then i d e n t i f y  
methods to  reduce the c o s t s .  Methods may in c lu d e :
1. Payment of  t r a n s p o r t a t i o n  c o s t s .
2 .  Local  product ion  of  components.
3 .  S u b s i d i e s .
49
B. M u l t i p l e  F i n a n c i a l  Approaches: F i n a n c i a l  a s s i s t a n c e  w i l l
be  r e q u i r e d  t o  e n s u r e  that  every group of  people  can r e ­
c e i v e  a s s i s t a n c e .  A balanced program with s e v e r a l  d i f f e r ­
e n t  a p p r o a c h e s  i s  n e c e s s a r y .  P o s s i b l e  programs inc lude  
l o a n  g u a r a n t e e s ,  s u b s i d i z e d  l o a n s ,  s o f t  l o a n s ,  and r e v o l v ­
ing l o a n s .
C. C o o p e r a t i v e  A c t i v i t i e s : One of the b e s t  means of  lower­
i n g  t h e  c o s t  o f  h o u s i n g  i s  for  f a m i l i e s  to work coopera­
t i v e l y .  One method i s  the format ion of  a group of  four or 
f i v e  f a m i l i e s  to h e lp  each o ther  b u i l d .  The f a m i l i e s  c o l ­
l e c t i v e l y  pay for  the s e r v i c e s  of  a c e r t i f i e d  c o n t r a c t o r  to  
s u p e r v i s e  t h e i r  work. C o n s tr u c t io n  occurs s i m u l t a n e o u s l y ,  
t h e r e b y  l e s s e n i n g  t h e  p o s s i b i l i t y  that  one fam i ly  would 
f a i l  t o  a s s i s t  t h e  o t h e r s  o n c e  t h e i r  h o u s e  h a s  been  
f i n i s h e d .  Other forms of  c o o p e r a t i v e  a c t i o n  should a l s o  be 
e x p l o r e d .
The f o r e g o i n g  s u g g e s t e d  a c t i v i t i e s  and s t r a t e g i e s  for reducing  
t h e  v u l n e r a b i l i t y  o f  l o w - c o s t  housing in the Cook I s la n d s  should  
e n c o u r a g e  s a f e r  c o n s t r u c t i o n  and e s t a b l i s h  b e t t e r  b u i l d i n g  methods as 
p a r t  o f  t h e  normal b u i l d i n g  p r o c e s s e s .  I f  t h e s e  recommendations are  
f o l l o w e d ,  fu tu r e  h u r r ic a n e s  and earthquakes w i l l  have a much reduced  
impact on the homes and l i v e s  of  the p e o p l e .
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APPENDIX I:
RECOMMENDED TRAINING AIDS AND PROMOTIONAL MATERIALS
F o u r  s ep a ra te  s e t s  of  m a t e r i a l s  are required  for d i f f e r e n t  a u d i ­
e n c e s .  Many o f  t h e s e  m a t e r i a l s  a r e  a lrea d y  a v a i l a b l e  or can be 
q u i c k l y  adapted from e x i s t i n g  r e s o u r c e s .  A l s o ,  many of  the m a t e r i a l s  
can be used in terch an geab ly  between s e t s .
MATERIALS FOR PUBLIC AWARENESS AND PROMOTIONAL ACTIVITIES
*1 .  F i l m :  " B u i l d i n g  fo r  S a fe ty  in  Hazardous Areas": A 12 1/2
m i n u t e  f i l m  e x p l a i n i n g  how the f o r c e s  of  h u rr ican es  and 
e a r t h q u a k e s  dam age  h o u s e s .  This f i l m  should  be used for  
b o t h  p u b l i c  i n f o r m a t i o n  a c t i v i t i e s  and p o r t io n s  of  the  
i n s t r u c t i o n a l  program. The f i l m  uses  animation to show how 
b u i l d i n g s  c o l l a p s e  and i l l u s t r a t e s  how d i f f e r e n t  b u i l d i n g  
f e a t u r e s  and d e s ig n s  a f f e c t  performance.
2.  A u d i o - c a s s e t t e s  f o r  R a d i o  Programs: A s e r i e s  of  audio­
c a s s e t t e s  f o r  d i s t r i b u t i o n  to radio s t a t i o n s ,  d e s c r i b i n g  
w h e r e  and how t o  o b t a i n  t e c h n i c a l  in fo r m a t io n ,  should be 
p rep ared .
**3 .  I n s p e c t i n g  and I m p r o v i n g  Your  House: Pamphlet to h e lp
f a m i l i e s  determine whether t h e i r  houses  can be econom ica l ly  
i m p r o v e d  and s t r e n g t h e n e d .  The p a m p h le t  should use a 
c h e c k - l i s t  and numerical  grading system to h e lp  homeowners 
d e t e r m i n e  t h e  r e l a t i v e  s a f e t y  of  a b u i l d i n g ,  and should  
h e l p  th e m  d e t e r m i n e  the r e l a t i v e  c o s t  of  var ious  r e p a ir s  
t h e y  may be  c o n s i d e r i n g .  A s i m p l i f i e d  v e r s i o n  of  the  
c h e c k l i s t  may be produced and p r in te d  in the newspaper.
MATERIALS FOR TRAINING CONTRACTORS AND HOMEBUILDERS
A. Tra in ing  Aids fo r  Design  and C o n s tr u c t io n  of  New B u i ld in g s
. I n s t r u c t o r ' s  M a n u a l : A m a n u a l  c o n t a i n i n g  s e c t i o n s  on
c o n s t r u c t i o n  t e c h n i q u e s ,  b u i l d i n g  d e t a i l s ,  i n s t r u c t i o n a l  
t e c h n i q u e s  and g u i d e l i n e s  for  t r a i n i n g  in c lu d in g  how to *
*Denotes m a t e r i a l s  a lrea d y  a v a i l a b l e
* * D e n o t e s  m a t e r i a l s  t h a t  c o u l d  be  q u i c k l y  adapted from s i m i l a r  
t r a i n i n g  a id s  a lrea d y  a v a i l a b l e .
E x c e p t  f o r  m a t e r i a l s  d e n o t e d  by an a s t e r i s k ,  a l l  t i t l e s  are  
d e s c r i p t i v e  o n l y .
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p r e p a r e  a c l a s s ,  how to e f f e c t i v e l y  demonstrate  b u i l d i n g  
d e t a i l s ,  and how to prepare course  o u t l i n e s  for t o p i c s  not  
d i s c u s s e d .  S u g g e s t e d  course  o u t l i n e s  and c h e c k l i s t s  for  
each c l a s s  in a t r a i n i n g  program should  be i n c lu d e d .
* * 5 . I n t r o d u c t i o n  t o  Wind R e s i s t a n t  C o n s tr u c t io n :  A Guide for
A g e n c i e s  i n  t h e  S o u t h  P a c i f i c ; Booklet  to  in troduce  the  
b a s i c  concepts  of  wind r e s i s t a n t  c o n s t r u c t i o n .
**6 .  How t o  B u i l d  a S a f e  Wood Frame House : Pamphlet to  serve
as a gu ide fo r  th o se  b u i l d i n g  new wood frame h o u s e s .
* * 7 . How t o  B u i l d  a S a f e  C o n c r e t e  B lock  House: Pamphlet to
se rve  as a gu ide  for  those  b u i l d i n g  with c o n c r e t e  b lo c k .
**8 .  T e c h n i q u e s  o f  C o n c r e t e  C o n s t r u c t i o n : P a m p h l e t  t o
d e m o n s t r a t e  c o r r e c t  t e c h n i q u e s  for preparing and using  
c e m e n t  and c o n c r e t e  (can be prepared from e x i s t i n g  mate­
r i a l s  a v a i l a b l e  from VITA and the Peace Corps) .
9 .  F 1 i p c h a r  t s : T r a i n i n g  a ids  to  ampl ify  p o in t s  made in the
v a r i o u s  b o o k l e t s ,  f o r  use by i n s t r u c t o r s  in the c l a s s e s .  
T h e s e  ch a r ts  should be prepared on c l o t h  or p l a s t i c  to make 
them more d u r a b le .
B. T ra in ing  Aids fo r  Upgrading E x i s t i n g  B u i ld in g s
**10.  How t o  S t r e n g t h e n  T r a n s i t i o n a l  H o u s i n g ; Pamphlet to  
g u i d e  o w n e r s  of  the d i f f e r e n t  types of  t r a n s i t i o n a l  houses  
i n  how t o  c o r r e c t l y  s t r e n g t h e n  t h e i r  b u i l d i n g s .  The 
p a m p h l e t  should  d i s c u s s  the r e l a t i v e  v a lu e  of  the d i f f e r e n t  
t y p e s  o f  m o d i f i c a t i o n s  and r e t r o f i t t i n g  measures p o s s i b l e ,  
and p r o v i d e  g u i d a n c e  i n  how to  determine the s t r u c t u r a l  
i n t e g r i t y  of  wooden components.
11. How t o  S t r e n g t h e n  Wood P a n e l  B u i l d i n g s : Pamphlet to
i l l u s t r a t e  r e t r o f i t t i n g  m e a s u r e s  t h a t  can improve the  
s t r e n g t h  o f  w o o d e n  b u i l d i n g s  i n  h u r r i c a n e s .  Spec ia l  
e m p h a s i s  should  be placed on use of  h u rr icane  s tra p s  and on 
the problems of p i e r s  and anchoring the b u i l d i n g s .
**12 .  How t o  S t r e n g t h e n  H o u s e s  Made of  Concrete  B lo c k : Pam­
p h l e t  t o  g u i d e  homeowners in  how to reduce v u l n e r a b i l i t y ,  
p l a c i n g  s p e c i a l  e m p h a s i s  on r e i n f o r c i n g  the c o n n ec t io n s  
between the roof  and w a l l s .
C. I n s t r u c t i o n a l  M a t e r i a l s  f o r  Emergency P r o t e c t i o n  o f  E x i s t i n g
B u i ld in g s
Many o f  t h e  m a t e r i a l s  i d e n t i f i e d  above can be used to prov ide  
h o m e o w n e r s  w i t h  i n f o r m a t i o n  on r e p a i r s ,  m o d i f i c a t i o n s  or 
r e t r o f i t s  t h a t  c a n  be  c a r r i e d  out when a h u rr icane  t h r e a t e n s .
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I n  a d d i t i o n ,  a s p e c i a l  pamphlet e n t i t l e d  "How to P r o t e c t  Your 
H o u s e  in Hurricanes" should be d e v e lo p e d .  This would be a gu ide  
t o  s i m p l e  i m p r o v e m e n t s  f o r  a l l  t y p e s  of  h o u s in g ,  and would 
p r o v i d e  in form at ion  on how to p r o t e c t  the b u i l d i n g  and the s i t e ,  
and how t o  determine whether or not a fam i ly  should  evacuate  to  
a s a f e r  a r e a .
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APPENDIX II
EMERGENCY MEASURES TO PROTECT SMALL BUILDINGS FROM HURRICANES
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rAPPENDIX I I I :
CURRENT BUILDING PRICES IN NUKUALOFA*
M ate r ia l  D e s c r i p t i o n  Cost ( $ )
Hardboard -  2400 x 1200 x 5 mm 5.45
Softboard -  2400 x 1200 x 12 .5  mm 11.53
Timber -  T&G f lo o rb o a rd s  -  t r e a t e d  r a d i a t a  pine  # -  per
100 s u p e r f e e t  57.29
Other timber -  per 100 s u p e r f e e t  52.23
Cement -  (40 kg bag) -  per tonne 127.60
Concrete b locks  -  450 x 225 x 150 mm 0.37
Crushed c o r a l  -  ex quarry -  per cubic  metre 7 .96
Sand (beach)  -  ex beach -  per cubic  metre 7 .22
Corrugated iron  -  26 gge x 0 .92  m -  per metre 3 .24
Galvanised g u t t e r i n g  -  150 x 150 x 26 gge -  per metre 1.59
Mild s t e e l  rod -  9 . 5  mm diameter -  per tonne 861.24
Roofing n a i l s  -  per kg 2.57
Galvanised n a i l s  -  per kg 1.53
S t e e l  window frame -  6 p l a t e  louvre  -  pa ir  6 .53
Glass  -  900 x 150 mm -  c l e a r  1.33
Glass  -  900 x 150 mm -  obscure 1.65
P u t ty  -  per kg 1.12
Paint  -  high g l o s s  enamel -  per l i t r e  5 .50
T o i l e t  pan,  c i s t e r n  and s e a t  -  per s e t  104.86
Chrome tap -  12 .5  mm diameter -  each '  7.89
Galvanised water pipe  -  12 .5  mm diameter -  per metre 2 .05
Power p o i n t ,  swi tch  plug combination 3.77
Light  bulb -  60 watt  c l e a r  0 .67
Tube l i g h t  -  635 mm (2 f e e t )  2 .58
*From D .J .  Cook, Resources  f o r  B u i ld in g  in  the  South P a c i f i c , 
Centre for Appropriate  Technology & Development,  October 1980.
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APPENDIX IV:
COMMERCIALLY AVAILABLE HURRICANE FASTENERS
The f a s t e n e r s  be low are made of  r i g i d  g a lv a n iz e d  s t e e l  and are  
s p e c i a l l y  de signed  fo r  use in  low-income h o u s e s .  They are a v a i l a b l e  
f r o m  v a r i o u s  s u p p l i e r s  in  the r e g io n  and from Ridout I n d u s t r i e s  in  
the U.S .  A l l  dimens ions are in  m i l l i m e t e r s .
230
140
(3-D View)
Types A -  E are 4mm t h i c k .
Type F i s  2mm t h i c k .
A l l  an g le s  are 15° ,  75° or 90°.
A l l  h o l e s  in brack e ts  are 5mm in  d iam eter .
Est imated q u a n t i t i e s  required  per house:
M oderate - s ized  house
A B C D E F N a i l s
with s o l i d  f l o o r 4 8 2 1 2 30 400
Small house with
earthen f l o o r 4 8 - - 2 31 350
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APPENDIX V:
PROTECTION OF SETTLEMENTS ON ATOLLS FROM STORM SURGES:
A CASE STUDY OF PALMERSTON ISLAND
STORM SURGES
A s t o r m  s u r g e  i s  a rapid r i s e  in  the l e v e l  of  the sea which i s  
c a u s e d  by a c y c l o n i c  s t o r m .  Although  sometimes r e f e r r e d  to as a 
t i d a l  w a v e ,  a storm surge i s  not a c t u a l l y  a wave; i t  i s  a l a rg e  mass 
o f  w a t e r  which r i s e s  above the normal l e v e l  of  the sea and i s  pushed 
a l o n g  by t h e  s t o r m ,  m o v i n g  in  the same d i r e c t i o n  as the hurr icane  
s y s t e m .  T h i s  movement c r e a t e s  a f r o n t  or l e a d in g  edge which may be 
many m i l e s  (kms) a cro ss  and as high  as 65 f e e t  (20m).  The high  water  
b e h i n d  t h e  l e a d i n g  edge may extend backward from the f ro n t  for  many 
m i l e s  .
A s t o r m  s u r g e  i s  c r e a te d  by a number of  f a c t o r s  a s s o c i a t e d  with
a h u r r i c a n e .  F i r s t ,  the a i r  p r e ssu r e  in the c e n t e r  of  a cy c lo n e  i s
v e r y  l o w .  This  r e l e a s e  of  p r essu re  on the s u r fa c e  of  the sea a l low s  
t h e  s e a  t o  e x p a n d  and r i s e  upward in  a hump. Second,  as the f a s t  
w i n d s  o f  a h u r r i c a n e  move over the w ater ,  they p i l e  the water up as 
t h e  h u r r i c a n e  moves toward the c o a s t .  Large waves are pushed a g a i n s t  
t h e  s h o r e  b u t  cannot r e t r e a t  from the c o a s t l i n e  r a p i d l y  because  the  
w i n d s  s l o w  t h e i r  r e t u r n  i n t o  t h e  s e a .  This problem i s  made more 
s e v e r e  i f  the sea bed i s  s h a l l o w .  By the time the c e n t e r  (or ey e )  of  
t h e  h u r r i c a n e  a r r i v e s ,  t h e  l a r g e  mass of  water r a i s e d  above the
n o r m a l  l e v e l  of  the sea by the low pressu re  at the eye r i d e s  over the
w a t e r  t h a t  h a s  b e e n  p i l e d  up by c y c l o n i c  winds and moves inland  
acro ss  the shore in one rapid s u rg e .
E v e r y  h u r r i c a n e  h a s  a storm s u r g e .  Many are s m a l l ,  but a few 
a r e  v e r y  l a r g e .  Many d i f f e r e n t  f a c t o r s  determine how b ig  a storm 
surge  i s ,  how fa r  i t  moves in la n d ,  and how much damage i t  d o e s .
The d r a w i n g  on t h e  n e x t  page shows what a t y p i c a l  storm surge  
l o o k s  l i k e  in  c r o s s - s e c t i o n .  While the le a d in g  edge of  a storm surge  
a p p e a r s  t o  s o m e o n e  s t a n d i n g  i n  i t s  p a t h  a s  a wave,  i t  must be 
r e m e m b e r e d  t h a t  i t  i s  i n  f a c t  a r a p i d  r i s e  i n  s e a  l e v e l ,  and 
e v e r y t h i n g  i n  i t s  p a t h  w i l l  be submerged for a long  per iod  of  time  
a f t e r  the l e a d in g  edge has p a sse d .
T h e r e  a r e  f i v e  f a c t o r s  w hich  determine  the h e i g h t  of  a storm 
s u r g e :
----- the a i r  pressu re  at the c e n t e r  of  the storm;
----- the speed of  the h u rr icane;
----  the speed of the winds in the hurr ican e ;
----- the h e i g h t  of  a normal t i d e .
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NORMAL6E ALEVEL
Of t h e s e  f a c t o r s ,  t h e  h e ig h t  of  the normal t i d e  i s  one of  the  
m o s t  i m p o r t a n t  t o  c o n s i d e r .  For example,  the low pressu re  at  the  
c e n t e r  of  the storm may r a i s e  the l e v e l  of  the sea 20 f e e t  (6m).  The 
w i n d s  w h i c h  p i l e  up the water u s u a l l y  add another f i v e  f e e t  ( 1 .5 m ) .  
The s p e e d  o f  t h e  hurr icane  u s u a l l y  adds another 5-10 f e e t  ( 1 .5 - 3 m ) .  
I f  t h e  s t o r m  s u r g e  a r r i v e s  at the c o a s t l i n e  at the low t i d e  p e r i o d ,  
t h e n  the h e i g h t  of  the wave w i l l  be reduced by an amount equal  to  the  
d i f f e r e n c e  between normal sea l e v e l  and low t i d e .  In o ther  words,  i f  
l o w  t i d e  i s  t e n  f e e t  (3 m )  below sea l e v e l ,  then the h e i g h t  of  the  
storm surge w i l l  be reduced by ten f e e t  (3m).
H o w e v e r ,  i f  a storm surge  a r r i v e s  at  high t i d e ,  then the h e ig h t  
o f  t h e  s t o r m  surge w i l l  be i n c r e a s e d  by the h e i g h t  of  the t i d e  above  
n o r m a l  s e a  l e v e l .  T h u s ,  i f  the normal high  t i d e  i s  ten f e e t  (3m) 
a b o v e  s e a  l e v e l ,  t h a t  ten  f e e t  (3m) w i l l  be added to the h e i g h t  of  
th e  storm s u r g e .
NoRMA L  
SEA 
l c v e l
NORMAL
-SEALEVEL
VOX
A s t o r m  s u r g e  w i l l  move inland u n t i l  i t  reaches  a po in t  where 
t h e  g r o u n d  i s  as high above sea l e v e l  as the top of  the storm su rge .  
I n  o t h e r  words,  i f  a storm surge i s  9 f e e t  (3m) h i g h ,  i t  w i l l  c o n t i n ­
ue t o  move i n l a n d  u n t i l  i t  reaches  a p o in t  where the land i s  9 f e e t  
(3 m )  above sea l e v e l .  The wave crash es  when i t  reaches an area where 
t h e  w a t e r  d e p t h  becomes too sh a l low  for  the w a v e - l i k e  motion of  the 
l e a d i n g  e d g e  to c o n t i n u e .  The water that  c o n t in u e s  in land  can s t i l l  
c a u s e  damage and c a r r i e s  much underwater t u r b u l e n c e .  On a s m a l l ,  low 
i s l a n d  or  a t o l l  t h e  momentum o f  t h e  surge and high  winds of  the  
hurr ican e  may prope l  the water c o m p le te ly  over some i s l a n d s .
Once a s t o r m  s u r g e  h a s  stopped moving forward,  the water w i l l  
b e g i n  t o  r e t r e a t  to  the s e a .  However, on the s u r f a c e  of  the w ater ,  
new w a v e s  may be  c r e a te d  by the a c t i o n  of  the high  winds a s s o c i a t e d  
w i t h  a h u r r i c a n e .  A l l  the water w i l l  not l e a v e  u n t i l  the eye of  the  
h u r r i c a n e  has passed and the winds beg in  to  su b s id e  as the hurr icane  
m o v e s  i n l a n d .  The a c t u a l  storm surge i t s e l f  may inundate an area for  
as long as 45 m i n u t e s .
HOW STORM SURGES DAMAGE BUILDINGS
A s t o r m  s u r g e  c a n  damage or d e s t r o y  a house in  f i v e  d i f f e r e n t  
w a y s .  F i r s t ,  t h e  s p e e d  of  the storm surge p la c e s  grea t  s t r e s s  and 
f o r c e  on the w a l l s ,  j u s t  by the g r e a t  momentum of  the w ater .  Second,  
t h e  c u r r e n t s  and tu rbulence  a s s o c i a t e d  with a storm surge d e s t r o y  a 
s t r u c t u r e  by eroding  the fo u n d a t io n .  Third,  the d e b r i s  c a r r i e d  by a 
s t o r m  s u r g e  (such  as uprooted t r e e s ,  f e n c e s ,  parts  of  broken h o u se s ,  
e t c . )  w i l l  a c t  a s  b a t t e r i n g  rams w hich  cause f u r th e r  damage and 
d e s t r u c t i o n  to o th er  s t r u c t u r e s .  Fourth,  o ther  damage may be caused  
by s a n d  and g r a v e l  c a r r i e d  by the fa s t -m ov in g  c u rren ts  at the bottom 
of a storm su rge ,  eroding  the foundat ion s  of  b u i l d i n g s .
F i f t h ,  da m a g e  can be caused by water l i f t i n g  parts  of  a s t r u c ­
t u r e  up t o  f l o a t  on top of  the s u r g e .  This i s  known as the " f l o t a ­
t i o n  e f f e c t "  and i t  can happen even to b u i l d i n g s  made of  br ick  and 
c e m e n t .  I t  i s  caused by the rapid r i s e  of  water o u t s i d e  a b u i l d i n g ,  
w h i c h  c r e a t e s  such p ressure  d i f f e r e n c e s  that  the b u i l d i n g  attempts  to  
f l o a t .  Once  the w a l l s  have l e f t  the foundat ion  and water e n te r s  the  
s t r u c t u r e ,  the b u i l d i n g  w i l l  c o l l a p s e .
ATOLLS
An a t o l l  i s  a c o r a l  r e e f  appearing above the sea as a low r i n g -  
s h a p e d  c o r a l  i s l a n d  or  a s  a c h a i n  of  c l o s e l y - s p a c e d  co r a l  i s l e t s  
a r o u n d  a s h a l l o w  l a g o o n  that  may vary in  diameter from l e s s  than a 
m ile  ( 1 . 4  km) to 80 m i le s  (120 km) or more.
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A t o l l s  a r e  formed as fo l low s:  1) a volcano erupts and a fr inge
r e e f  f o r m s ;  2) the f loor  of the ocean below the volcano subsides  and 
a r i n g  r e e f  d e v e l o p s ;  3) the volcano top erodes to form is land  and 
reef ;  4) f i n a l  erosion of the i s land  produces an a t o l l .
PALMERSTON ISLAND
P a l m e r s t o n  I s l a n d  i s  a coral  a t o l l  of the Cook Is lands and is  
l o c a t e d  270 m i l e s  northwest of Rarotonga. The i s land c o n s i s t s  of a 
r i n g  o f  s m a l l  i s l e t s  wi thin a fr ing ing  r e e f .  The l a r g e s t  i s l e t  and 
t h e  o n l y  one  support ing a permanent se t t lement  i s  Palmerston,  a f t e r  
which the is land  i s  named.
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The h i g h e s t  p o i n t  on the i s l a n d  i s  j u s t  11 f e e t  ( 3 . 5  m e t r e s ) ,  
m a k i n g  i t  p a r t i c u l a r l y  s u s c e p t i b l e  to  high  waves and strong  winds.  
The e c o n o m y  i s  p r i m a r i l y  s u b s i s t e n c e - b a s e d .  However, through the  
Cook I s l a n d s  Government's development programs,  copra product ion and 
c o m m e r c i a l  f i s h i n g  a r e  now g a i n i n g  s i g n i f i c a n t  importance.  The 
i s l a n d  has a p o p u la t io n  of  approximate ly  65 permanent i n h a b i t a n t s .
P a l m e r s t o n  I s l a n d  l i e s  in  the South P a c i f i c  hurr icane  b e l t  and 
o v e r  the years  has s u f f e r e d  se vere  d e v a s t a t i o n ,  but only one l i f e  has 
b e e n  l o s t  i n  r e c e n t  t i m e s .  Hurricane damage i s  o f t e n  s e v e r e ,  and 
t o t a l  d e v a s t a t i o n  of  crops and b u i l d i n g s  on the i s l a n d  has occurred  
s e v e r a l  t imes in re c e n t  h i s t o r y .
The frequency  of  h u rr ica n es  a f f e c t i n g  Palmerston i s  shown below:  
Hurricane Frequency:  Palmerston  I s la n d
Year D e s c r i p t i o n
1943 Severe
1963 -  January Minor
-  Mid-January Moderate
-  March Severe
1967 Severe
1970 Moderate
1974 Severe
1978 Severe
1980 Moderate
REVIEW OF APPROACHES FOR MITIGATING THE EFFECTS OF STORM SURGES
The f o l l o w i n g  approaches have been used or proposed for p r o t e c ­
t i o n  of  people  from storm surges :
A. Evacuation
E v a c u a t i n g  peop le  in  h i g h l y  v u ln e r a b le  areas to s a f e r  l o c a t i o n s  
i s  an o f t e n - u s e d  approach  for  sav ing  l i v e s .  I t  r e q u ir e s  con­
s i d e r a b l e  p r io r  plann ing  and c o o r d in a t io n  of  warning systems and 
e v a c u a t i o n  p l a n s .  I t  a l s o  r e q u ir e s  a s a f e  l o c a t i o n  to which 
people  can e v a c u a t e .
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C u r r e n t l y  i n  t h e  P a l m e r s t o n  I s l a n d s ,  when a se vere  hurr icane  
s t r i k e s ,  t h e  e n t i r e  p o p u la t io n  seeks re fu g e  w i t h i n  a clump of  
t r e e s  on t h e  h i g h e s t  part  of  the i s l a n d .  This i s  s a t i s f a c t o r y  
o n l y  f o r  m o d e r a t e  h u r r ica n es  and storm s u r g e s .  Evacuation o f f  
t h e  i s l a n d  by s h i p  w o u l d  not be f e a s i b l e  because of  the long  
d i s t a n c e s  b e t w e e n  P a l m e r s t o n  and i s l a n d s  where s h ip s  may be 
l o c a t e d .  E vacuat ion  by a i r  i s  a l s o  not  f e a s i b l e  as there  i s  no 
a i r s t r i p  on t h e  i s l a n d ,  and the bay would most l i k e l y  be too  
rough fo r  seap lane  land in gs  during a storm.
B . Escape Mounds
E s c a p e  m ounds a r e  s o m e t i m e s  proposed as a s o l u t i o n  for areas  
w h i c h  do n o t  h a v e  s a f e  e v a c u a t i o n  s i t e s .  Escape mounds are 
e s s e n t i a l l y  mounds of  earth  that  are c o n s tr u c te d  using  excavated  
or d r e d g e d  e a r t h  ( s e e  i l l u s t r a t i o n  b e lo w ) .  The h e ig h t  of  a 
mound i s  de termined by e s t i m a t i n g  the h e ig h t  of  a maximum storm 
s u r g e  p l u s  50% t o  e n s u r e  a g a i n s t  ov ertopping  by waves.  The 
h o r  i  z o n t a l ^ a r e a  on top i s  c a l c u l a t e d  at approximate ly  200 square  
f e e t  ( 3 . 5  m ) per p erson .
66
For Palmerston Island, an escape mound would be difficult and 
expensive to build. Heavy digging machinery would need to be 
shipped in, and it is unlikely that sufficient earth could be 
excavated from the atoll surfaces; dredging from the ocean would 
also be difficult as the coral reefs drop off very quickly. 
Furthermore, even if the escape mound could be built, it would 
take up an excessive portion of the small amount of surface area 
available to the inhabitants.
C. Strengthened Buildings
Strengthening buildings is accomplished by retrofitting existing 
buildings (adding braces, making walls heavier, adding 
reinforced concrete, etc.) or by incorporating design changes 
and improved construction methods in new buildings (see main 
report).
Strengthening buildings reduces structural damage to buildings 
by strong winds, but a building can still fail because of the 
force of waves or debris carried by storm surges. Furthermore, 
strengthening buildings will not prevent flooding and provides 
no protection against drowning.
On Palmerston, because of the small size of the island and the 
danger that a massive storm would overtop the entire island, 
strengthened buildings would not guarantee personal safety.
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D. B uild ing on P iers
Sometimes buildings are raised above the ground by placing them 
on posts or piers. If the buildings are well-constructed and 
the piers are strong and well-braced, they provide protection 
against most surges because the water can flow underneath.
A disadvantage is that buildings on piers are more vulnerable to 
high winds. Both buildings and piers must be specially braced 
and strengthened.
On Palmerston, erecting several raised buildings as shelters 
might be a relatively low-cost method of providing protection 
for average or smaller surges. This would particularly be true 
if several buildings were used rather than one. This would 
reduce the risk of losing everyone should a building fail.
Oc£2
E. B u ild in g  on P lin th s
Placing buildings on plinths made with stabilized earth, coral 
or concrete, or a foundation which has been raised, is another 
means of protecting the structure. These buildings provide some 
protection against localized flooding and smaller surges, and 
the more stable building is better able to resist high winds.
The disadvantage is that the plinth may induce water runup and, 
unless the plinth is very well-built, this may lead to settling 
problems that could damage the building. These buildings still 
have the problems of damage from water impact, debris impact and 
scouring.
On Palmerston, houses on plinths should provide some protection 
against smaller surges. Retrofitting existing buildings would 
be difficult and expensive, but plinths could easily be incor­
porated into new construction.
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An in-house shelter is part of a normal building designed in 
such a way that one portion or area of the house is strengthened 
to provide a sanctuary or escape area. In some cases, the 
building is designed so that one room is exceptionally strong. 
People go into that area of the house for protection from wind 
and, if flooding were imminent, they would escape to the roof of 
the strengthened room. The shelter can be built in any kind of 
building and works well with structures on raised plinths.
The main advantage of an in-house shelter is that, by only 
strengthening one part of a building, the costs are significant­
ly reduced while still providing protection for the inhabitants 
against moderate storm surges. As in the earlier approaches, an 
in-house shelter does, not guarantee personal protection against 
drowning in large storm surges.
This approach would seem workable for Palmerston, especially in 
new construction. It would provide a reasonable measure of 
protection at a low cost.
F. In-House S h elters
G. Community Storm S h e lte r s
Community storm shelters (or hurricane shelters) are large 
buildings intended to provide shelter for families living in 
structurally unsound buildings threatened by high winds or storm 
surges. The shelters are usually buildings such as churches, 
schools, government buildings, community meeting halls, and/or 
large commercial structures (e.g., warehouses). Some are built 
as shelters and then given to the community to determine their 
use between emergencies.
Large buildings are more unstable than smaller buildings in 
hurricanes, and survivability in the collapse of a large 
building is far less likely than in the failure of a small 
dwelling. Furthermore, in flood-prone areas, casualty 
rates in large buildings used as shelters have been extremely 
high. Reports from several recent disasters indicate that 
deaths attributed to building collapse or inundation are far 
higher in large buildings than in houses. It is important to 
reiterate that no building can be guaranteed hurricane-proof.
For Palmerston, building a community shelter would be very 
expensive. A bigger concern is that, since the population is so 
small, the risk exists of losing the entire population if one 
community shelter, designed to protect everyone, should collapse 
or if a storm surge should flood the building and lead to the 
drowning of the occupants.
H. Recommended Approach
The best approach for protecting people is usually to diversify 
and try several different options. Palmerston Island should 
consider a combination of in-house shelters, building on piers, 
building on plinths, and strengthening buildings as the best 
long-term strategy for reducing vulnerability. By having 
several buildings that provide moderate protection scattered 
throughout the island, the risk could be spread. Since no one 
building can guarantee the safety of all the inhabitants, then 
the loss of any one building will only endanger the lives of a 
relatively small number of people.
This strategy is also relatively low-cost as individuals and the 
community as a whole can incorporate these building concepts in 
new buildings as they are built. A combination of some of the 
above might also be considered (e.g., buildings on plinths can 
also have an in-house shelter).
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It is important to emphasize that the above recommendations 
provide protection only against moderate storm surges. The only 
complete guarantee of personal safety for Palmerston Island 
would be evacuation. Palmerston may want to consider building a 
small gravel airstrip which could accomodate short take-off and 
landing airplanes. All Palmerston inhabitants could be eva­
cuated to Rarotonga or another safe island by planes already in 
the Cooks in just a few trips. This option is becoming more 
feasible due to improved storm tracking and storm protection 
procedures. While an airstrip would be costly, it would provide 
Palmerston with economic development benefits as well as storm 
protection.
